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Hu-.'- :iKihi ;ti-ij.'- ^.^^r* >-:-bi!uM..M ■ it • ' , ■ rni i n * ■ t :u- iMt\ui,4 of 
^^''^■''^'"^ {n'.u-prn.i-nl \ ir:;rK-., iu\ii0.u'v i.^'oMvp /i-^i lUMVUivo 1. n s t h lie t^s , 

pt\.:i'iu'^ .^r .ili:;.MuH ,h I iMHiiMMU. H.^MMiiion =^^.si'vin- tilt' Ut'flning rULri = 
fnUv-y, riiui piH^s.'iirr ov Mhst-iif - ■ 'rip i i >; i)l r.^h-.m! . s t L i hi i L u s ) on Lht* 

patod in thi- . :pi* i nuMit i^i-.iJ ..rlrs iif thi^^H^ luMii imI U.^ssonH nnd 

L(3ok four fL^MtK (irviliiu^ w;Mi thM ^-nn-^M'-^^ P ^ IPiiilLLLilll ^ ^uplnint, r\nd cam- 
mmlj: v , Flvf^ df'ptMidoiit iiiM.isnriM^ wv!^*- MMt-d (n a:^s,-:H rniuu^m nl-tninTTionr: 
rL^coi^ul I iun uf lu^w iruntvpi iiisiaiuu^s niui non^ i n s t ri nr . nvur none rn I Lza- 
tion, undorgdneralisat: 1 on , racngnitinn of the concepL dnfinitlon, and 
knowledgo of Ln i or rt^ J a 1 1 onshi among cnnceptH. Trj-om the reKultH of the 
HtudieB it was shown that: (1) prtisontini^ axarrpleB and non-GxampIoH in 
a^ rational teaching ^ot promoted correct c 1 asK 1 ficat ton of unoncoun t ered 
Lnstancos; (2) romoval no>^atlvo InHtancoH rrom tho rational teaching 
f^ot rosultod In Higniflcant ovor^ont^ral f.za t I on ; fi) providinp a concopt 
dofiniLion with the rational Hct of 3 or 4 inHtanc^u;. and 3 or 4 non- 
inBtancos was not more effect ivo in prom.^tin^ concept lparnf.ng than pro- 
viding the rational not alone; and fA) providing a rational huL of in- 
stanceH and non--i ns tanceH togother with concept definition and emphaBls 
of relevant attributes was more offective in promoting recognition of 
new InRtanceH than a preBentation of teaching instances plus definition 
without emphaBis . 
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' NTf- M>i;r'T I 

(Joncnpr Ipnnrinv: is f up i r in : "^^\^\H^ \ o^i I v ai re ^su-ruh . wf] Lcl" 
IH rolovar\L ImuIi Vha^ry nml prart icu. Chirk (1971) c-KLimati^d 

NiHr in f.hr pnHi t iirPM u^-mmi-- t^^^rr .f^n u-jir r imon Ln I hMjcUoh on 
cancopt at La f.nnipnt luivn l)oen condurtrHi In t !ir Inborn tory. Var- 
allel to all tliiR c^xpcrimontnl rL^Hunrch, liowuvur, lias ht^on thci 
continuouF^ InvolvctacnL of clnHHrowiu iM^.i^liurs niul i.:u rr i rui urn 
Hpucinl iBLH in Clio Loach ing uf roTiropfiH, AcGc>rc;ing in Clark 
most teachdrH pre^unt HiibJfH;t-mnt tor contDni: in a rnt lior i.ncnn= 
^;ist^Ht manner, for not only do tanclicrH dirfcr rrom one another 
In their niethads of presenting n givt^n cnnnppC^ hut tho name 
teaclier mny present two different concGpt.s in two totraly dlf- 
ferent wayn, UndprB t^ind i ng the princlpios of learning concepts, 
then^ seeniH to ho as worthy a goal for the clasBroorn teacher 
an for the resenrcher. MiXh researcherB and teacdiGrB sharing 
such common interofU^^ one would expect a M^tiat deal of faclll-- 
tativG intoractlon betweuTi laboratorv and clasf^roonij but all 
too often this ha8 not been the case. Only within the past 
decade have there been actampts to extend laborntnry^derived 
principles of learning to the classroom setting. 



1 



Since 1961 t:he Wisj oiiHin Hu^uarcMi =ind Dc-voLopmvnt CfJnter 
for Cognitive LearnlnR H.ir been imRaj;c^l In re.qearch on concept 
learning in laboratory nnd Hrhool Hcttin^K* The prcsont study 
IB part of tile progrnminat ic research undorway at the R fir D 
CenEer to invDHtig/ite Vririahle^^ which influence the iGaralng of 
subject--mat ta=^ conropts, Pc?caii^^o thoro aro ho many different 
varlablGS which Infliience concGpt acquisition* It may be helpful 
to conHidor the difforent kinds of vuriableri in terms of three 
major groupingK, irrugardlesH of the medium whicli is utilized 
For instruction (KlausTnelor ^ Davlc, RamHay, Fredrick, and Davies, 
1965)* instructional variables^ learner varlableH, and concept 
variables. Within such a fraTnework the present study is focused 
only on instructional variables whlcii affect the learning of 
concepts froni a printGd instructional mediuni. 

Many of the garlier gtudlLS on concept attainment were very 
specific and well-controlled laboratory experiments In which 
£ typically performed a sorting task on a matrix of geometric 
figures which varied along a limited number of stimulus dimensions 
(color, shapCj etc,)- Bruner earlier had done considerable 
research on concept learning using such a matrix of geometric 
forms. The kinds of conceptB taught in the claH.qroomj however , 
are quite unlike the clasHic Brunor-type cnnceptH, particularly 
because ^ubject-^mat ter conrepts usually have an infinite rather 
than a specifiable finite number of eharac teris tie features, or 
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attributes. Nearly Gvery aubjuct taup:ht tn school can be con- 
sidered as a collection of related concepts, for as Gagng pointed 
out, "concept learning constitutes by far the major portion of 
the learning aKsoclatcd wltli what is fjupposed to go on in schools" 
(Oagne, I96rO . In clnssroom inHtruction, basic concepts are 
usually presentL'd first, and as the Rtudent builds upon pre- 
viously inaBtcjred concepts he progresses to higiier order concepts. 
Eventually the student is called upon to u.se his knowledge in 
problem-solving sltuaiions and to perceive Interrelationahlps 
among the concepts he lias studied, Om. of the most fruitful 
lines of research to emerge In recent years la the investigation 
of concept learning In cho clasproom Itself, usaing sub j ec t-mat tei: 
concepts. Only thro-agh studies which oxplorG actual classroom 
variahlos and processes can lenrnlng research become relevant 
to the real world of instruction. 

BACKGROUND OF THE PROBLEM 

Programmatic research at the Wiaconsin R&D Center has led 

to the Isolation of many important Instructional variables 
involved in coneept learning CBlount, Klausmeier, Johnson, 
Fredrick, & Ramsay, 1967; Frayer, 1970; Frayer & Klausmeler, 
1971; Scott, 1970; Smuckler, 1967). Some of the specific in- 
structional variables which have been studied include i number 
of examples and non-examples, ratio of positive to negative 
examples, variety of positive and negative examples, sequence 
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of cxatnples, emphosis of relevMnt urtrlbutQ valucB, instructions 

to recall prevloiiBly learned siibconcep ts ^ etc. 

A great deal of at tent ion hnH been given by various re- 

searchQrs to investigating the role of positive aiid negative 

inBtanees in tbe anquisltion of rontieptH* Tn 1969 Markle and 
Tiomann first introducDtl a hcI of uif. t rue L ionnl rnatGrlals and 
slides explaining how to anaiyj^e and teach concejjts in Buch a 
way as to avoid certnin common errors in clasBif icatlon . The 
first step In teaching a concept, as BUggested by Markle and 
Tiemannj is to annlyze the cnncopl in ternu; of Its relevant and 
irrelevant attribute Tlien a rational set of teaching eKaniples 
and non-examples is prepared by choosing lanough examples to cover 
the range of Irrelevant attribute values and enough non-exatnples 
to exclude each of the ralevant attributes* If, for example^ 
a teacher wished to present the concept Insect to hmr science 
class, she might first analyze the concept in a manner similar 
to the following: 

Concept : Insect 

Criterial (Re levant ) Attributes 
1 , invertebrate 
2* six jointed legs 

3. one pair of antennae 

4. body parts divided into head, thoraxs and abdomen 

Irrelevant At tributes 

1. si^e of legs 

2, type of legs, e.g., jointed 

3. internal or external skeleton 

4 . body shape , e , g . , elongated , stubby 

5 , wing size (or absence of wings) 

6, mode of locomntion, e^g,, flyings crawlinn 
7* color (overall and of body '^^arts) 



Sine*. M/irkle and TLemann preBrribo enouph tCMchln^ c-'xrimples 
to cover tVic* riinge of irT^ulevnnt attrLbiKO valuoH, n ^ooc! not 
of teaching exainples for Inj ect would incluci*? InvGrtebrates with 
six jointed leg^^5 one pc^ir of antonnnoj nnd three body pnrts, 
which dlfferad Frnm each, other In bIzq of legSj type of l€*gs, 
body shape, etc. In keeping with the pix^Hcr ip t ion , a good set 
of negative examples would nlso ho preHented, and for the con-- 
cept insec t at least four non^exaniples arc needed because there 
are four relevant (defining) attributes to be eKcluded one at a 
t ima - 

Markle and TlemanT! (1969) not only devlsod a set of preHcrip- 
tlons for selecting axamples and non-^exampl to use^ in instruc- 
tion, but went on to propose a behavioral measure of what It 
means to "really understand" a concept* They affirmed that 
simply restating a definition of the conrept which was presented 
during instruction docs not measure understanding. Rather j they 
measure concept mastery in terms of a student ^^ ability to classif 
previously unencounterGd instances as either examples or non- 
examples of the concept, Tiie student who really understands a 
concept will be able to generalize to new instances what he 
learned during instruction, Markle and Tiemann are as interested 
in the kinds of errors which are made in classification as they 
are in correct categorization , and it is this concern which has 
led to some interesting hypotheses about the role of positive 
and negative instances in concept acqulBitJon. According to 
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Marklu and Tli^mann, ttu^ runctLon of |)uslfivo titMLanues ih tu 
brondon tho HLudent-s coaceptunl bDinulHrluH and nHstst hlni in 
generalising to new instnnceH of Lhe rancopt , !r not cmough 
pOBi tive teaching eKamp les arc^ pri^r^ontvd chir Li^; i n^t rue Lion , 
the byputhe^? Ized consequDnce nn crrur tN^llpd f indergcneral 
znLlun, in vs/hirli the HttidiuL avi iduTitify all of the new 

t;*Kampl.eB becauHC his concjepLual hiMindar^^ in too narrow. On the 
otlier hand, negative insLauceri aru equally impurtant in preventing 
the Opposite kind of c: 1 asni f icat i on error, overgenerallzatlon . 
Whe!i not enough negative teacliinH exaitipleH are preHunted during 
instruction, ulie Htudent-s eanceptual boundarieH are not suf-^ 
flciently limited for him to dlHcrlminrite nertain instances as 
noil— mer/oers of the cnncupt c3asK. OvergG.neralixa t ion in a 
classification error In which too many instances are identified 
as examples because of the student ^s failure to discriminate 
properly . 

Several re.searchers at Brigliam Young University (Tennyson ^ 
Wooley, and Merrill) have been gathering empirical evidence or. 
the Markle-Tlemann prescriptions ^ and their findings support the 
position that both exampleH and non-examples are important In 
concept teaching. In a study involving the concept trochale 
meter (Tennyson, Woolley, & Merrill, 1972), independent vari-^ 
ables designated as ^^probabl It ty , matching, and divergency-' 
were manipulated to produce certaiii specified classification 

ERIC 



7 



behaviors , including correct c I nHsi f lent ion , nvur j^enera 1 1 t i on , 
and undergt?neral izat ion . TunnvBon et a^, flrnL adminlHtDred a 
test in which naive students were asked to claBfiify a large 
number of examplt'R nnd non-exaffipieM af trochaic meter on the 
basis of the noncGpt definition alone. Home of the more obvious 
GxampleB and non-eKampl es wert; family identified by a l^^rge 
proportion of the studGnt.s and tiiOBe v^ur^ called hiBh-probablllty 
instances, wiicreas other exaniploH and nun^exampleH wert^ more 
Infrequently Identified and were termed 1 ot---probabi 11 ty Instances. 
The IndGpendont varlabloH of matcliinH and divorgency refurred 
to how closely examples and nnn-examples resembled each othar 
in ternis of their component attributeB. Markle and Tiemann 
(1969) proposed that restricting the range of teaching examples 
would cause a stuJent to undergenerallze , or to fall to Incluae 
all true examples of the concept when classifying new Instances* 
Tennyson mt^ tested the assumption of Markle and Tiemann 

by giving students a restricted range of examples consisting of 
the concept definition and low-probability (subtle) non-examples^ 
but very high^probablli ty (obvious) non-^examples , The poor 
selection of teaching examples resulted in significant undergen- 
erallzation. Just as hypothesized. In the same study using 
trochaic meter Tennyson e^ al, presented other students with 
a cancept definition and a full range of high^ and low-probablll ty 
examples (obvious as well as subtla) but only very hlgh^proba^ 
blllty (obvious) non-examples. This experimental manipulation 
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priivldod a very poor aeldCL Lon of teaching nun-exnmpleH , which 
according to Markln and TiiSmcinn would cause the ^^tud^nt to 
avergenerallze, or to miBtaKenly IdGnULfy new non^oxanip Iqs as 
me^mbers of the concept clanf^. Ilia Tennyson et aj^ . roBiilts 
confirrTied Limt n poor selection of teaching non-examples will 
result In overgLmer^iI L?^a ti on , Just Mnrklc and Tlemann hypo-- 

theslj^ed . 

One deficiency apparent in sutub of the past concept learning 
^^Cudiot^ is tha limited :.cope of the research implications. 
Markl.e and Tiemnnn havu propOHcd how to tciach concepts, but liave 
Failed to indicate for wliicii kinds of concepts their model is 
designed. Tefinvson, Woolley, and Merrill (1972) have used 
concepts such as trochaic meter which are appropriate for col- 
lege-^age , but have not explained why their reBearcli findings 
necessarily have implications for concept learning at the pre= 
school or primary leval. Not all concepts are equally compiex, 
and not all concepts are learned In the same way. In discussing 
the results of their studies, few resaarchers have attempted 
to relate their findings to a broader framework, or one which 
accounts for the level of abstractnass and complexity of the 
concept itself* 

To provide a conceptual framework for the research being 
done on concept learning, KlausmelBr (1971) formulated a de- 
scriptive model of tlie cognitive operations involved in acquiring 
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concepts at variou.q levt^ls of ahBtracfness and omplexity. 



The four parts of the model are four levols In the attainment 
of any concapt at sue fisslvely higher degrees of abstractness 
and Incluslveness - concrete, idantity, rudimentnry classifies- 
atory^ and formal* The process of acquiring a concapt usually 
Involves a progression from concrete to formal levels ^ but this 
is not alwriys thc^ case^ for Homo concepts may not first be 

* 

attained until the formal (or hi^heHt) level, Klausmeier ' s 

operational descriptions of the four levels of concept nttain- 

ment are as follows^ 

AttainTTient of a concept at the concrete level is 
Inferred when the individual cognizes an object 
that lie has experienced on a prior occasion* 

Attainment of a concept at the identity level is 
inferred when the indlvidt al cognizes an object as 
the same one previously encountered when observed 
from a different perspective or sensed in a different 
modality, such as hearing or seeing* 

Attainment of a concept at the classi f ica tory level 
is inferred when the individual responds to at least 
two different instances of the same class as equiva-^ 
lent even though he cannot naine the attributes coiranon 
to them. 



Attainment of a concept at the formal levijl is in^- 
f erred when the individual with normal language de- 
velopment can accurately designate certain objects 
or events as belonging to the same set and others 
as not belonging to the set, can give the name of 
the concept j and can name its intrinsic or socletally 
accepted defining attributes. 

In relation to the model of cognitive opei'atlonSj organismlc 

variables (the learner), stimulus variables (the concept), and 
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envlronmencal variables (the Inscr uctlons) are all operative 
at each of the four progressive levels. The nature of the 
Instructional variables under Investigation in the present 
study are essentially those which are Bubsumed under formal 
concept laamlng in the model proposed by Klausmeier. Tlie inodel 
itself Is helpful In relating seeraingly diverse studies on 
different levels of abstractness and complexity, and it smmmm 
to offer a niore integrated frame of reference than other more 
limited and simplistic models. 

PURPOSE 

The present research is concerned solely with Instructional 
variables presunied to influence concept learning at the formal 
level. The dependent variables selected to measure concept 
acquisition parallel the kinds of abilities which are tapped at 
the formal level. Specifically, the dependent measures in this 
study are: recognition of new concept instances p knowledge of 
concept definition^ knowledge of inter relationahipe among con-- 

ceptSj and the classification errors of overgenerall2atlon and 

undergeneralizat ion , 

Three main studies are intended to investigate the effects 
of certain independent variables (number of positive and negative 
Instances, concept definition^ and emphasis of defining or relevant 
attrlbutea) on the attainment of environmental concapts. The 
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specific questions to be answerod are: 

1^ What are the effects of presenting Bclected numherR 
of positive and negatlvG instances in the fibsence 
of a concept de f Ini t Ion? 
2, Wiiat are tlie ©ffGcts of presenting selected numbers 
of pO£4ltlve and negativo In.^tances in the presence 
of a concept definition? 

WirMi presenting a Markle-Tiemann number of positive 
md ^^Fgative In.stances, what arci the effects of 
defJix ng the concept and emphaBl ?.lng the relevant 
(criterial) at tributes? 

HYPOTHESES 

1. It is hypothesized that thv presentation of a Markle- 
Tiemann number of examples and non^-examples in the 
abaence of a definition will result in better per- 
formance on the dependent measures than the presen- 
tation of selected numbers of eKaTnpleB alone ^ It 
Is also hypothesized that the exclusion of non- 
exaniples will result in significantly more over- 
generalization • 
2, It la hypothesized that when a definition of the 
concept is provided ^ there will be no significant 
differences in performance among treatments ^ whether 
a Markle-Tlemann number of eKamples and non-examples 
or selected numbers of exaTtiplas alone are presented* 
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3* It is hypothesised that when the full Markle-TieTnann 
set of examples and non-oxamples Is presented, 
concept definition and eniphasis of relevant attri- 
buteR will oach fncllltate concept learning per^ 
foiTnance on the depc?nd6?nt mecisurss. 

SUBJECTS 

There were 97 Sb In Main Stu^^y I, 102 In Main Study II, 

and 114 S^s in Main Study III. All three main studies were con- 
ducted In predominantly rural Midwesterr Bchools with siKth-grade 
children , 

METHOD 

Three lessons from the COntent--aroi of environniental educa- 
tion were prepared. Each lesson dealt with one of the following 
concepts: population » habitat ^ and conmunlty ^ Four tests were 
developed* a test on population , a test on habitat ^ a test on 
conimunity ^ and a final test over all three concepts. Test items 
were designed to assess recognition of new concept instances , 
knowledge of concept definition, and knowledge of Interrelation- 
ships among conceptB* 

Ss read each of the lessons and took the appropriate tests , 
Involving a total of about one hour* Approximately two weeks 
later the same tests were administered a retention measure. 

Statistical comparisons of mean scores on the various 
dependent measures were made, and the ordered hypotheses for 



each main ^tudy wqtq to^tvcA, Tukoy pairwiso com(iar innns of nu'nn 
differences were perforniiid on vnrtahlnM nnl inclucit?fl in tlif^ Hpi_^- 
clfied hypotlies^B. UnivarlaLe analyses of variance wort* also 
done on various tost Hcorea. 

SIGNIFICANCE OF THE STUDY 

Ry stiidyliig the o^fcctB of certnJn stimiiltiK and Instruc- 
tional vnrial?leB on the learning of nctueil Hub ] oc t-mal: t ar concept 
it XB possible to makt! more rt^allHtic aBBumptionH about ttic 
classrooiri learning process. In thin rcF^pecit, the prGsont study 
has implications for the classroom teachei^ who is Rearchlng 
for tiiG -^best" \^ay to present a partictilar subject-matter concept 
rnHOfar as the variables explored in LhlB and other studies nt^c 
cormnon to many of the usual scliool subject mattern, accumalated 
research may evGntunlly lead to a formulation of prescriptive 
guidelines for the teaching of classroom concepts. 

The present study provides empirical support for the kinds 
of prescriptions which have been mada by Mnrkle and Tlemann as 
well as Tennyson J £t al^. The various patterns of correct and 
incorrect classification which have been studied here may have 
great utility in making preparation of materials for future 
studies more efficient. In teiTris of development of materials 
for the classrooms the results of this study may have implica- 
tions for the preparation of toKtbooks and other printed instruc-- 
tional materials. Insofar as the instructional variables In 



u 

this ^tudy are rnpresentativu of yariahlt^H wlileli afferi ilie 
learning of fonna] concepEB, the preisent rescMrcli also 
plications for extension and verification of the model of cog- 
niEive operatioiiB proposed by KlauSitiaiGr. Finally ^ the powerful 
natuie of variables such as the kind invcBtigated in the present 
study ms lead to further hypoEheses, prescriptions , and vali- 
dations concerning the acquiBitlon of concepts through printed 
instructional materials p 

o 
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REVIEW OF RELATED UTER^XTURK 
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BASIC TERMINOLOGY 

Concopt U'arnLng !it:*5raUuro in roplete with terms posacHK- 
ing very RpeciallHcd mennlngB, ami for tliat rcnHon a brief 
explanation of some commonly used ttjrms may prove henefLclal at 
the outset. in The Pgychologv of Thinking. Bourne t^t aJ_. define a 
concept as "any describable regularity of real or imagined events 
or objects," and state that "to learn a concept is to acquire an 
understanding ol a formerly unrecognized regulsritv" (p. 177), 
Learning a concept, therefore, is aetually learning to categorize 
in a certain way according to certain describable regularitieK , 
Another more commonly used label for the "reRularltleB" or "features" 
or "characteristics" of objects and events U the term attributes , 
Bruner prefers to think of attributes as n set of "cues" which Bignal 
the identity of an object (p. 25). Bourne et al , refer to attributes 
as "discriminable characceristics" , but point out that the attributGH 
of a concept may not always be clearly specifiable in terms of 
physical stimuli (p. 179). The rollowing three distinctions are 
usually made concerning attributes: 

1. Attrlbiites which enter into the definition of a concept, 
or those diacriminable fea urea of a concept which define 

15 



at: Lr ibuLes . Hie LoriTi rMli>%^int; att-rl butL ^ ; - freqiiontlv 
uHful to vM^nn f!ie ^'^-inf^ "d'^rinin** n 1 1" r i : r '\ .i--; in 
thu prenunt study wfiun urupli. ifIh of rele\^nu af:tributcH 
actually rofors to thoMt* attrlhuto-^ whicli aro irirlinlecl 
in tlie dofLnition of i fia ciM.i-Mpi. 

For oxampla: Thv clcfining (crUcrial, relovaiit) 
^ittri-bute of tbL* Qonccpl vn 1 cano is ''rormation by 
molten rock pushing up ttirough a hole in tlie earth's 
crust", 

Ther^ are other attribute', wiiich are still relevant but not 
crtterial for identification nf a concL^pt, and as such are 
not included in a caacopt dufiiution. 

For example: Otlier attributes relevant to volcanr but 
not criteriai are '-being landforms'* and ^^protrudlng 
above the earth's surface'*. 
Attributes which vary among L' mtimbers of a concept 
class (features or characteristics which vary from exainple 
to example without altering class membership) are called 
Irrelavant attributes , 

For example: Such attributes as ■*helyht", ''color of 
surface's "geographical locatlon'% etc. have values which 
differ from volcano to volcano without changing the proba- 
bility of being railed ''volcano" , so these attributes 
are irrelevant. 
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Thu reluvarU or * i t.M i n i n i.:. aLcribult^s ol i ..sruiij t .irr t:riul,il [.■■.-■ ilu- 
dLstlnci ion hetwi*en poRiti u aini neual. i'/u examp I ijh : a ounct^pt c^x amp 1 u 
fnr pnsftivp inRlniuM?) luif-HewKf^H all of r lu- rtpt^clMed tlellnlim 
altrLhiitt'H of a pariicaiLar conrL-pL , wiiiU; a aon ->.-:<anijj J_a (or 
nagarivR inHLancf^O lackn one or niorr o Hpv^cifEod Uefini.nij; 

nt.:ributeH of t h».' conct^pL, A turtluT d i h L i.iii; L i on inv^:)Jvin^ 
Irrelevant nitributeH iB nuulo r^.'Sf a rcMu' r siu'h an TonnyHOn 
Gt al., who Lhti LuriTi ''maLcliod'' t t? rc^i or Lo oKampiuH and nan- 

examploB which Hliar':^ LrrclLvanl artriiuiloH ar^ Hiinilar as possi.hle. 
A reiaL ionsh Lp beLwet^,: I wo exatiiplos (or jioMitivG instancc?i) is 
termed "divergent" when tho irrelevant: attributes of tlie instanceH 
a-^ as differont an poRR fhJe, and "ronvergent" wlien the irrelevant 
attributes are an FLmilar hh pussiblu. 

Two Qtht!r terniB commonly used in concept learning literature 
are general taat Ion and diHcr imination . CTeneraJ.izat ion is the act 
of grouping or ciaRHifylng abjocta or events according to their 
observable similarities, an when the student applies a certain 
concept label to axamples iie has not previouKly encountered, Markle 
and Tiemann (1369) define generalization bediaviorally as "m^iking 
the Rame response (giving the same name) to a new example which 
differs, in some way, from previously met examples". Dl scrlmination ^ 
on the othsr hand, is the act ot Heparating or distinguishing 
instances of a ertain concept as non-members of the concept class • 
Behaviorally 5 discrimination is defined by Markle and Tiemann as 
"making a different vesponse (us Lng a different ^abel) for a non- 
example whlcli rihcireH some properties vith prcviouB e?rainples", 
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Conc^uptB. .invnlvr^H t.^urhiiu; t:lie Htudent tn ^eru^ l n 1 1 within 

in catf'^or 1 5 t hon, rnnction of hot]] <r,vni' rn I i zi\t ioti nnd 

d l8r r J!;n nat 1 on , ^.'/hirli Ikuj 1 L-ri "^i.ir'ilr rniJ '[(Mnrtiin to flevolop a 
pr-H'p^duro f^ir tfvn-hfn^ tho ^UucltMn t^^ ; ;f ^ :^ r a 1 f • niul cl i r i mi na t c * 
Tlioy have pro[)oHeLl rhnt lu U/nvli ^^iM-a I iH/it i oii ^ the HtuUenl: 
inuHt ho prcBvnivi] witli enough pt^Hitive InHliance^i (uxanipleH) to 
covt^r ihv fiill ran^!Q of Irrolcvant attrlliute valuGS asBoclated 
wirh tho ocMicept, In Him i tar raRtnon, rn teach ri Lscr i.minat ion the 
Htudoiit muBt be preKenteH wirli annugli in?ga^^ve LnRtances Cnon- 
examplo^) to hvh t ema t Lea 1 1 y l*xi.1luIu t^ach ot the rult^'/ant: CdeflnLng) 
at trLbu tuK of the cDncept:. Mark Le and 'riemann refer Lo the 
recommended number of examples and tiCt- 'xamples an a rational sot 
of teaclilng instances* 

INSTRUCTIONAL VARIABLES 

Tiie major portion of this chapter will be devoted tu a review 
of the literature on certain instructional variables which influence 
concept learning fron! texttia] aterialR, The four Be^etlons to 
follow will deal with type of InBtanren prefiantedj niimher of instanceH 
presented 5 preBence or absence of definition^ and emphasis of relevant 
(defining) attributes. There is a dearth of literature on the effects 
of definition and emphasla, so tlie latter two inRtruc t ional varlablef? 
will receive less attention. 
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'rypt' f '! hiHl an ;t . , 

conct^pt learnt nn las \ nnn !u-.mi cM>jp.ifMc]. Smnh^ n^rrn foi i n,^ 
cliiftM^uiicu in per furman h^aw.M.Mi ^f^^^ uhIii^^ pusitivp instanct^H 
and Hh nnln^ bot\\ pus [ r iva and nn>-at ivo fn^tanrus, roncluding 
that: nogat-Lvo iiiHranccH ci Ld ncu rptard hvaaiiiiu, Tlu/ \.iMt n. airitv 
of laboraLurv HtudivtA r.n rnnf^.-U. IdraiLlfii U.ii^- fiave Hliown that 
pur rurmancu in bont: when H^h are piroHt^ntud v/iLh all poHitive 
InstancGH, an uppoHrd to oather a mixt: iru nf poH U Lve and nrgative 
inBtnncdj^ or negnt Lvr instances a I one (Flovland ^ Weiss, 1953 ; 
HutCnnlochGr, 1962, 1964; Olnan, 1963; Sniuckler, 1967). D. Cocil Clark 
(1971), in reviewing \m\c\i of thu literntnro on rnn]iinct:ive concnpt 
attainment:, has cnnL-ludod that tha hulk of rt^Huarch (20 studies out 
of 25) indicates a Bcquence of all positive inHlances to bi^ more 
effective than a mixed Hequence of botli positive and nogativo inBtancea 
or a SGquGnce of negative instances alone. haboratory studies dealing 
with the transfer of enncGpt learning (elthor to new instances or 
to new concepts^ .ave been contradictory as to whethar all positive 
instances or a mixture of positive and negative Instances is more 
facilitative in transfer learning CFryatt & Tulving, 1963; Nfasilela, 
1964; Smuckler, 1967), Despite the inconclusiveness of various 
laboratory studies on the role of non-examples in concept learning, 
a strong case can be built for negative instances on purely rational 
grounds. Markle and Tiamann view positive and negative instances 
as complimentary to aach other in function, whereby both positive 
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of eln^^si f trar 1 on crrf^rs. If thoro nr^o nr^ ni-virive in^nancoH 
(^M- a puui: ;=iuU?ctLon oi' ru^^^ai: Lvu Ln-uniu'uHj lIu^ Hruch^nt^H conrt^pLual. 
boundarfuH will not sn f f I r Lc^iu 1 y H-iifi'd [nr hirii t:n d f r 1 ni f na to 
bet:wi?i^n QorinLu lnsl:u\cOH v\\nl nrc nenibrrs of t:wo (H= inorr^ concepf: 
claHsCH, Tfiu coiiHtHiiiciiH;t:^ of p T i.^ H o H L I n iiHj f Gw un^aLlva instanct^a 
Lh tliv r i aHBlf [cation error tonnoti "i^^iQj^ which thc> 

Rtutlonr miprakefily irlentifio^ HOmc of rho nc;^af:ivo Lnr^LnncGK of tho 
concept as pasiti 

error is undGr go ncral i;^aL: loa , in which Lhu ^Lndeut 1h Loo cunse'rvat i ve 
and fails to idont-lfy all true examples of tho roncept; class as a 
cotisequence of oncount^ring too few poHitive instances during instruc^ 
tlon. Tn summary, then, Markle and TlerMnn rc^commend an adequate 
number of positavy instances (examples) to prevent the error of under- 
general i zat ion ^ and an adeqiiate number of negativG instanceB (non- 
examples) to prevent the error of nvi^rgpneralii^ation . Occasionally a 
student falsely assiinies tlint an irrelevant a^ .rflinte \h mlpvantj 
which results In a combination of undGrgeneral i^at ion and overgenG ra li za- 
tion termed ^'misconcep tiun'' : * e student identifies Rome non-examples 
an examples, and some examples as non^exampl es , If a student can 
correctly generalize and discriminate when confronted with previously 
unencount^red Instances ^ Markle and Tlemann conclude that the student 
has "learned^' the concept. 
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MurrLJl (1971) [)(iHt u hi t t'tl n thr^i^ry fnr rv-nrhin;^ (MMicr^ptH 
verv Himilnr Lo tlwit oi Markh> /pui TiMmann, rails fc>r rtuiropt. 

uxaiLj^luH JiiriTiiiv; wiuL^Ly ui irri^li^Viiu aLLr]butP^; (i f' kU^ no ra 1 i Hfl- 
tion) and cnncu]it noii--(>xamp J wlt:l) irrplc-vant at: t r i hut l^:^ reH^mbllng 
tliose of tht' iriven examples (for rliKr^r^ inarri.on). Statt^d anoLher 
way, Merriii rDc:r)mmendH LL^-hiTi;; uxampluH which are ''divergent'* 
(irrolevant a E t ri butias as dJfffjrnni; an posHLhlc) arul ■'matched'' with 
re?^pect to non^pxaiTipleR Cirrn1evant= a f: r r i hii t: n h of th^ 'J^xamplos and 
non-GKamplGS an similar as pOHsible) . A Htudy by Tunnysorij Woolley 
and Merrill ( 1972) invcstigatod variouh* paLturnr;; uf claBBificaLion as 
a function of the kinds of InHtancos whltdi were prc-senUed during 
inst '^iictlon. Saventy-H 1 x collugu Sj^ wcru randomly aynignad four 
^r! . of lessons on the conc:ept trochaic nioter Ccnnsistlng of 
sixtoen positive and negative InstancGs) , and took an acquisition 
test consisClng of 30 prGvlously uiiencountered instances of the con-- 
cepc. Tb.reQ indepcnde-nt variabl&s manipulateci in tlie study were 
probability, divGrgency, and matching. ProbablM^v rerorred to the 
difficulty of the concept instanct^s, and was determined by computing 
the percencage of students in a separato. saniple who corrGctly 
classified each instanca, given only a definition of the concept. 
High-probability instances wera ones which were identified by 602; 
or more of the sample (they were obvious) , whereas low-probability 
instances were ones which were identified by 30% or less of the 
sample (thay were subtle). Tennyson al. . made the following 
hypothases for the four combinaclons of positive and nagatlva instances 
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1. Covrvci r]aHHi ri-;u i.-n -Mil .mhut: if !n.t.h :,f,>ii^ ^^nd 
Low-prnhahi 1 i Ly i;rUan.-^.H ;i r,- pri^KOfit ci , if ■ -aiiip 1 1-^ 
ilifl'iT wif]t.]v In Irrcluvanl n t L r i fn it , if rmn- 

GxampieM and ,"<niupivn i^'ia-i- similar iria^hvant ri t: Lr i Ini t o s , 

2, (Jvergnneralir-aL i_on wLi ] ocr, ir : IT only Inw-prnbabil. Uy 
instuiicQH aru prosnni ed, If i-^ainplrH d i f ft^- widely in 
i.rr£;luvant n 1 1: r ibu L , an.l ii non = exarap 1 aw and cxample:3 
art: vury dirfei-unL: in irrolevant a t (: r ibu ten . 

3. UndeirKDncraMzatinn will occur: if urily high-probability 
insLances ar - pre-Hen tod , if exnniples dirror widuly In 
irrelevant; attributaH, nnd IF non-oxatnplos and exampleR 
HliarQ fiimilar irrc'icvanu attrihuteH. 

4. Misconceptiun will occur: IT hntb hiBii-- and low-probability 
instances are preHented , if examples arc similar to each 
other ill irrelevant attributos, and if non=examples are 
very different Ii; irrelevant attributes. 
Each of the hypoeheses above were confirmed <£ -,01) In the Tennyson 
at al . study. The significance of the findings becomes apparent 
when each of the treatment conditions is analysed In terms of the 
recommendations of Markle and Tiernann as well as Merrill. 

1. The first condition was optimal f n termK of positive and 
negative examples, and resulted in correct c lasH 1 f inn c i on . 

2. The second condition presented a poor seloctLon of 
negative examples (because non-examples and exampleH 
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had i rrc^U-.'/inr atLri!iu!eM nn d l f ferr ni: cis posHibleK 
And ra^ultvil in n ver)Vjru^ra 1. 1 ;!ac 1 fMi , 

3, Thi- tiiinl tionciLLiun pros^nrcd li poor vet Lnu 'of 
pOBi t ivc CKnmplvtA (hocnuHo -i 1 1 t:lin examples wero 
ojpv l OU5 and did nol cxpn^o S^=^ tn rho t^KLrf^meH of tlu^ 
cuncppf. rlaHs), aiid rL^HulUocl in undergeneral i xation . 

4. Thc^ fourtti condition prcRtMUrr] poor HolorClonR of 
borh pORltive and ncgaclvr^ nxampleH, and rusulLud In 
mis cone e p 1 1 o n * 

Tennyson, Wooiey, and Herri 11 data supporL Lhe pusiLlon that both 
examples and non=exanipleB ara important for effective concept teach-- 
ing: a wide range of example^^ p^Tk ventn Lindergeneral i zation ^ while 
a good selection of non-examplGs praventH over^nneral i zat ion . 

Tennyson (1971) provided ^rnibstantial ampiricfil support for the 
importance of negative instancciK in two experlTnentB using the 
concept adverb . The first experiment wan a direct replication of the 
Tennyson Bt n]^. (1972) stiadv, in which seventh=graderB were told the 
definition (relevant attributes) of the concept and presented witli 
one of the four CQmblnations of instances used in Tennyson al . 
All of the treatment conditions in Kxperiment i had non-exampies , 
and the Ss respondad on the posttest exactly as hypothesized in terms 
of c orrect classlf lea t loii ^ overgeneralization , undergenerallzation ^ 
and misconception* Experiment 2 was designed to test the independent 



variable o\~ nGgative iristjuu bv romnviti^ non== vmnii I a r-i from 
eacii of the foLir conditions. Bancicl on rostuirch [ uul ings d.-nling 
wirh nugatiLva InBLancuB in cniic^ept /i t t:a 1 nnienU llteraLure (whicli 
tndlcale that: human ranuoL uRi; f riegat I vt^ inHtnru^es), 

nnvHan hypothesised that S^h w^ni] d rc^Hpond on tlit^ puHtteMt oxacCly 
as in ICKperimenL 1. I'onnyson discovered, however, Lhat on the 
adverb task tised in [lis study, Ss In KKperLUient 2 Cwithout negative 
Instances) rcspanded randomly on the poHtte^nL* If lb i nterpretatioii 
was tfiat completely railed to acqui.re the concept adverb when 
preaenLed with poBitlve Instances alone. renny^uii concLuded that 
negative Instances are important In concept acqutsltlon because 
they force the ^ to concentrate on tho relevant a t t ribut e (s) when 
presented with a matched relationship of examples and non-'examplGs . 
(In a matched relationshin the examples and non^-examples are as 
Himilar as possible in their irrelevant attributes, so the only 
differGnces are the relevant attributes.) 

Fn siimmary, there Rtrnng evldenre (TennvRon , 1971) that 
contrary to the literature which diRcounts the value of negative 
Instancas In concept attainment, negative inBtances do exert a 
unique function in preventing the clasaificatlon error of overgenerali-- 
zation, and In forcing the student to "focus in" on the relevant 
attributes of a concept* 



Numb f r o i In 8 L a n c e h 

HtudteB which iiavr triod tn dtM u i nn v\\v nptimal yMmfuT 
of iiiHtanceH fnr Loiching cnniiopv:^ \\:\ve bk^cn lavyivVy incnn = 
■lu^;ivt' as lo w\\t}i\\ur a nmn) ] nuriher c^r n 1 irp;L^ nunhrr of 
ins:. uionH in more Tar i U ta L f vr- (Amntor, 1Q66; CallentinD Warren, 
191)5; MorrlBett HovLanrU H^5^n. In iinrt, thij^ may hv^ due Lo 
the facL that ranccptH differ ^^reatlv fr^^m one another in number 
or dofininv! nt t r f hn f and nMnibnr of irrelevant attrtbutc^, fHnce 
ConcepL cornpleKity in a functinn of the numbar of attributes a 
cnncnpt posscssuB, it may t bt^ apparLHit tluit unloHt^ studies arci 
equivalent in terms of compipxity tlie rOBuits will he inconsistent. 
For cxampie, if Study A uhuh a concupt with 4 rulavnnt and 4 Lrreie- 
vant nttrlbuteH, and Stady R ii^^tas a dif Parent concept with only 1 
relevant and 1 irrelevant attrlbuCD, the presentaf ion of 8 instances 
(4 positive, 4 negative) will not constitute similar Creatnients 
for the two studies. In effect, Study B would be cniploying the 
aquivalant of four times as rnany InHtanrpR as Rtudy A. 

The model for teaching conceipts postulated by Markle and Tlemann 
(1969) prescribes a number of positive and negative Instances which 
is dependent upon the nuniber of attributes which a concept possessi^s. 
Again^ Markle and Tiemann recommend enough positive instances to covar 
the full range of irrelevant attributes Cdivergent) and enough negative 
instances similar in irrelevant attributes to the exemplars (matched) 
to systematically exclude each of the relevant attributes. This 
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number df insiniu'os rnnsritMLM"^ w!;nr is UM^m.'d Lht- r:itiou:ii 
set of Lt*;ichinp» LnNtdntU^H, and i ^; ii.laLivt^ wilhe'r than afTHn 1 1 1 f 
ijticauHt^ i. L depends uin.)ii Lilt. iiuiiHii^r roj.fjvaiii i !^ r*..^ J evaiU 

at tr i !hi Los 01' llu^ conL^opl Lc) ^aiuUiL, 

Vrnycir ; 1 970 ) r roH«.Mi t:i?d 01 >^]! ( ^hm^s j onH o T ]i rcni; rnmnipcl J oHRoriH 
dealing wiLli ^.^uoiiuj t r i cuncopl>\ 10 iMurtli- and s i x cli'-gradG 
children ':o determiiu^ Idia olTeid. Tiumhia: of iviHlnnceH and rmpha^ 

Bin of ralevanl nrrrihntf^ valTio>^ on fV^no(^-]i( mn^li^rv. Kithnr ^» 
conc*3pL instancus (2 poHiLive an<l 2 nni^aLivt^) or 8 onnt^pt inHtanccB 
(4 positive anri 4 nagaLiVL:) wore incliujud hi Lfie li^^HOn^, Since 
no instances wt^ro repeaLc^d In tu^r study, an increaHe In the number 
of instances from 4 Lo 8 impliud ati Increase in the variety of 
instancGH as well. The Ss studied iensans fur rour daya, and took 
a multiple-choice test and a completion test whicli conHlsted of 
eleven types of questions ri^Iatud to concept learning (spec i f icall y , 
recognition of attribute examples;, attribute names, coticept: ex.impleB 
and non^exampies , concept nameH ^ relevant and irrelevant attributoR, 
concept definition, and concept relationBhips) . The results of 
Frayer's study Indicated that increasing the number of instanceR 
from 4 (2 positive, 2 negative) to S (4 positive, 4 negative) did 
not significantly affect oyer all concept mastery for either fourth-^ 
or sixth^grade children, but it did significantly Improve recogni= 
tion of concapt non-examples for the fourtli graders. In Frayer \s 
study, then, tlie effect of a wider variety of instances (due to an 



d iHcr imLnnt i an on t nskr; i n vc^ 1 v i rii^ j;un:iK* L r i c c one o p 1 h . 

RemBLad (IQ69) pruKuntij'd n serio:^ oi piano ^.woinolrv cnncept^ 
to f i f [: h-viradr r\\\]rrijn with slide:- .^nd i a p.;^-- r<n^n rd. x^c-rbnl ruc»H, 
Ln whLch one of Lhe Lndepc^ndent ^ irlalilun wnn numbpr c-f posit fve 
inEr^tni-n-un (6 or 9). Aaothcr LndopondenC varinblu conHiftted of 
five rat LuK of pOBitivc^ to nagntlvu iuHrnnct's Call ptjs i i vgb ; 
:^ pnqitivp to ] no^ntlvij; 1 posit ivo 1 ncgaLivc; 1 po^^iLwe tu 
2 negative; or all nugativuK), The reHult^ of the study Rhowod 
that there was no HLgniricanL dirfereuce in rt^BponKu when t\m 
number of pOBitJve luBtancai^ wan inc:reaHed from 6 to 9 ^ but a change 
from all positive LnHtancea te a ratio of two pagitive to one 
negative (2:1) prodiiced Rubstaii t: ial i nrrenientn above haseldnc* 
responses. In discussing tlie rt^sul tn of his study, Hemstad suggeKted 
Chat classroom instruction might ben^^fit from the Inclusion of more 
negative instances and a wider varifc^ty of instancGB amouf^, other 
t li i n g s , 

In summary s studicM comparing the e f f oe t i venesH of varlou.-^ 
numbers of Instances may have failed to produce cle^^r-cut rasults 
because che ''optimal" number of inst ■ ces depends in part upon the 
complexity of the concept itseJf^ or how many relevant and irrele-- 
vant attributes it possesses, U^en Increasing the number of no.sitive 
and negativa instances results in an incrense in the variety of 
the Instancefi as well, recognition of negative instances (discrimination) 
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may hnpruve s i v^n i T i r an t I y , it Joes not sutMn rrun, howtwer, Lhnt 
Himplv inr ri'as 1 11).^ f hu inimhtn^ o prnnrivt^ in^;Lanrt^H will ra-^u ! t 

Concept Definition 

The afreet of prov/idlng i(.iiici^j)L duriniLlon on tiiu at:tnin = 
ment of conceptis hat^ nev^r beun wicleTy studied. A traditional 
classroom approach to InBCruc: t: Lon , though not aiwavs effective, 
has been to give a definition of the concept tu be tau^^ht and to 
test the Btiidents' recali of \ ho dGrinltlcm. Kven tho!i^!i nblllty 
to restate a definition in not a true mt^asure of concept under- 
standing, iJiit^re=J.H Honie evidenco that dcfinltionB do facilitate 
concept acquiHition. Merrill and TennyBon (1971) conducted an 
experlmenc in which the concept trochaic meter viriH taught to IBO 
educational psychology stndents at Brigham Young UnivGrsity. The 
four independent variables raanipulated in the study were: 

L. Definition presentBtion (D) , in which the relevant 
(defining) attributes of trocha ic meter were stated. 

2. Attribute definition (A), In which each relevanc and 
irrelevant attrlbtite of the concept are defined and 
the intended meanings o f the subconcep t s are explained , 

3, Exetnplar/non-exemplar presentation (E) ^ in which examples 
and non-eKamples are presented according to the procGdure 
used by Tennyson et al. (1972), 



4. ALtribiiLt! prompLing priMun t.^ t i on (P), in v/uifii i^^icli 

exanipit.: in ai-rnmpan t lh! by a :sLatiMnt*nt o; fb<' rplovnnt 
atLrihut -H and why rl^uv ai't^ rL^l cvaiu , ai d i_-K-h noa- 
L!?xanipli.' IS ai_a:o[n})an j vd i'ly a KLata.nnunL and oxplanaLii^n 
of tiiu ' I uvan L a I: t r i bu t: wh h are lai- < Ini^ . 
f^light: comblnaLlons o 1; Uiu four indopenduur variabLuH c ciiiB L i tut c^d the 
trc-atment candiv Ions (D, DA, !■ = DK . V)M\ Kf\ DFP , DAFP) . LnssnnH on 
Croctmic niGtur Ldenticai Lo tiit rennyHon i^E^ ^y^* BLudy In terms of 
prohabliiLy, divergency^ and niatching ware read by the Ss , and n post- 
test was given which required the S^k Lu generalize to previouRly 
unencountered exampieri and te d Lricrim Lnate prevumsly unencountered 
non-examples* Merrill and ionnyHuri hypathesi^ed that treatment grnupB 
U (definition only), h (exampleH/non'-exampl dk only) ^ and DE (dorinition 
plus examples/non^examples) would all rc^sult in overgenBrallzat ion 
because there was insufPiclenL information to prnmote discrimination . 
ResultB of the study confirmed thoir hypothesis Cp^"^ ^ OJ ) and revGaled 
that the leasL erruetive uundiLioiiH were \> (definition of ralevant 
attributeB alone) and E (presen ta r= len of examples and non^-^examples 
alone)* An important finding of Merrill and Tenny son was that Ss siven 
only the concept definition performed as well an tiie ^roup receiving 
a full set of examples and non-exainples without definition. This 
i^'ould suggest that defining a concept by specifying its relevant 
attributes provides the with a substantial amount of information , 

In her study on the learning of geometric concRpts by fourth and 
sixth graders, Frayer (1970) looked at the effects of number of concept 
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instances and emphasi.q of relevant attribute valuuH in tlit; 
presence of a definition which specified the relevant attrlhutos 
of the concept. she found no difference in pc-rformanco due to 
the number of concept instances presented (2 positive and 2 
negative vs , 4 positive and 4 ncgntivo) when a definltinn of thv 
concept was provided. Although Frnyer did not study the effect 
of number of instances when a definitinn was not provided, it 
does not seem unreasonable to auppose that tho effect of number 
of instances is different when a definition is presented than 
when a definition is absent. 

Anderson and Kulhnvy (1972) did a study in which college 
SB were exposed to one-sentence definitions of unfamiliar concepts 
and then nnswered multiple-choice questions requiring them to select 
concept instances and non-instances. They found that merely giving 
a definition significantly ufiected instance recognition, and 
concluded that people can easily learn concepts from definitions. 
It is worth noting that Anderson and Kulhavy did not take restatement 
of the definition as a suitable measure of concept comprehension. 
They tested for learning on the basis of the Sa' capacity to generali 
to previously unencountered examples and to discriminate previously 
unencountered non-examples of the concept. This criterion is the 
same as that used by Markle and Tlemfinn and by Merrill, and Brontly 
diminisheii the effect of $s who respond on the basis of siirfarc. 
Information without comprehonsion of the concept ItHelf. 
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In sunmary, although there is not a great volume of lltera^ 
ture on the effects of providing concept definitions, there Is 
evidence that definitions which specify the defining attrlbiiteH 
of a concept do have a beneficial effect upon concept learning 
performance, and may somewhat diminish the ef f ectivengBS of other 
instructional variables bGCause of the aniount of relevant 
information which the definition supplies. 

Emphasis of Releva nt Actributas 

In printed instructional materials^ oniphasls of relevant 
attributes is achieved by any cue which effect ively draws the S's 
attention to the relevant attributes of the concept* This may 
involve arrangement of copy on the page, at tention-^directing symbols 
such as arrows and boxes, or the use of informative feedback in 
various types of lesson formats. The 1971 study by Marrlll and 
Tennyson (discussed in the previous section on Concept Definition) 
included emphasis of relevant attributes as one of the independent 
variables, termed "attribute pronlpting^^ Attribute prompting was 
achieved by identifying the relevant (defining) attribute in each 
example and stressing the absence of the relavant attribute in 
each uon-^eKample. It was found that of all the treatment conditinns 
involving various combinations of concept definition (D) , attribute 
definition (A), exemplars/non-exemp] ars (E) , and attribute prompting 
(P) , the most powerful condition was the one which included instances 
plus concept and attribute dtifinitiuny with attribute prompting (DAEP) , 
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Error rates on a transfer task were significantly lower for the 
conditions with attribute prompting than for conditions withouL 
the prompting variable. 

Frayer (1970) used attention-directing queHLionB to empha- 
size relevant attributes In a modified linear i roKramning format. 
Her study on the effects of number of instancPK and emphasis of 
relevant attributes on mastery of geometric cunccpts revealed an 
increase in overall concept mastery for fourth- and sixth-grnde 
children in the emphasis condition, In aidUionj recognition and 
production of attribute names for sixth-graderH increased signifi- 
cantly when the relevant attributes were emphafil?,ed. 

In suramaryj studies on the effectH of emphasizing relevant 
attributes show a facilitation of concept learning performance 
when attribute prompting is included in printed Instructional materials. 

o 

ERIC 



Ill 

DEVELOp>tENT OF iNSTRUCTlONAL MATERIM.S AND TESTS 



To research the effects of Instructional variables on 
learning from text, it was necessary to develop a series of 
three self ^instructional printed lesBonSs Bach cf which dealt 
with a specific concept in tho field of environmental education. 
Among those considerations which guided selection of the specific 
concepts were* 

1* The concept should be appropriate in difficulty 

for mastery by an average slxth-^grade child. 
2* The concept should be one which has at least two 
relevant attributes and at least two Irrelevant 
attributes • 

3i The attributes of the concept must be readily 
identifiable, and recognition of the attributes 
should not require a high degree of subject matter 
knowledge . 

The three environmental concepts finally selected were population , 
habita t ^ and coinmuni ty p each of wliicli seemed to fulfill the 
requirements which had been estahliBhed. Definitions which 
specif led the relevant attributes of the concepts were written, 
: fined, and subsequently were approved by three specialists In 

O 33 
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environmental Hri£2nee* A .^umnifiry of concept deflnltians and attributes 
ie given in Table 1. 

Before generating exampleB and non-examples for n given conrt^pt, 
the concept was anaiy:ead into itn component attribuLes : reluvant (or 
criterial) attributns are rhe feacurey or charac teri s t icB oi an in-^ 
stance which are conimon to all examples of a concGpt, and irrelevant 
attributes are the features or cimrac t er in c xch of an instance which 
are not shared in common by all memberB of the concept class, Markle 
and Tiemann (1969) alternately described an irrelevant attribute as 
''a property of any particular example which can be varied without 
changing the example to a non-example J* Briefly, positive examples 
of the three environmental concepts were generated for the present 
study by providing values for all of the relevant attributes, and 
varying the values of irrelevant attributes* Negative eKamples were 
generated by using irrelevant attributes similar to those of positive 
examples and excluding each of the relevant attributes, one at a time. 
This method of constructing examples and non-examples is illustrated 
for the concept population in Table 2. 

Table 2 

Systematic Generation of J^xamples 
and Non-Examples for the Concept Population 



Examples (PosltivG Instances) Rationale* 
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1. All of the black hears In Yellowstone* Park (1 , 2 , 3 , 6b , 5b ) 
2* All of the banana trees in the Amazon Jungle (1 , 2 , 3 , 4b , 5b) 
3, All of the trout in Lake Micfiigan (1 , 2 , i , 4b , Da ) 

Non-Examples (Negative Instances) 

1. All of the stars in the Rig Dipper (2,3) Lacks 1 

2. All of the bees and butterflies in a meadow (1,3) Lacks 2 
3* Half of the squirrels In a forest (1,2) Lacks 3 

*KEY TO RELEVANT ATTRIBUTES! l=livlng things *KRY TO IRRELEVANT ATTRIBUTES i 
2=same kind 3=entlre group found in a parti- 4^kingdom of living things 
cular place a) pl^^„^ b) animal 

S^geographical location 
a)aquatlc b) terrestrial 
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INSTANCE PROBABILITY ANALYSIS 



Purpose 

Once a pool of Bxamples and non-examples had been generated 
for each of the environmental concepts ^ there arose the problem 
of which Instances to include in the lesson Tnatcrlals. One 
mothod of selecting the "best" examples and nan-examples would 
have been the subjective approach In which E simply excludes all 
Instances he feels to be poor. According to Tennyson and Merrill 
(1971), subjective rating of items has been the usual procedure 
in all forms of instructional development^ but some alternative 
method of Item selection would be much preferred, especially some 
procedure for empirically rating examples and non-exainples * 
The purpose of the Instance Probability Analysis^ therefore ^ was 
to provide an empirically based procedure for selecting the 
"best" (most appropriate) instances prior to the construction 
of lesson materials. In particular ^ an Instance Probability 
Analysis makes it possible for the researcher to choose examples 
and non^examples which have roughly the same probability of 
being correctly identified. Further, by determining such an 
index of obviousness prior to the writing of lessons, it Is 
possible to achieve more control over the extraneous variable 
of item difficulty. 
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Subj acts 

The Instance Probability Analysis was conducted at Third 
Street Elemencary School In the small rural eonmiunlty of Evans= 
vllle, Wisconsin. A total of 88 5s from four sixth-grade classes 
(which comprised the entire sixth-grade population of the school) 
participated. Home-room teachers Indicated that none of the 
children had mastered the environmental concepts population . 
habitat , or eonmiunlty which were to be preaented. 



Testa 



Two parallel forms (Form A and Form B) of an Instance Proba- 
bility Test were developed, each form consisting of 20 population 
items (10 positive instances and 10 negative instances), 20 habitat 
items (10 positive instances and 10 negative instances) , and 10 com - 
"'""At^ Items (5 positive Instances and 5 negative instances). A 
concept definition which specified the relevant attributes of the 
concept was printed within a box at Che top of each page in the test 
booklets, ^s were instructed to read each definition carefully, and 
to identify each of the test Items as an example or non-example of 
the concept. To the left of each test Item were the words "Yes" and 
"No"; if decided that an item was an example of the concept, he 
circled "Yea", and If he decided that an item was not an example of 
Che concept, he circled "No". A random order of presentation for 
examples and non-examples was determined by ref a-.ring to a table of 
random numbers. 
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Procedure 

Test booklets were stacked for distribution In alternate 
fashion CForni A, Form B, Form A,* . The proctor introduced 

himself, gave instructions concerning test procedure, and pro- 
nounced a list of difficult words printed in the test bookleta. 
S^s were told to read the directions printed on the Sample Page 
and to mark cht answers to three sample items, after which the 
correct responses were discussed by the proctor and Ss were 
directed to begin working* (See instructions to students given 
in Appendix AO Two proctors were used ^ proctored two claseeSs 
and a research colleague proctored the other two classes. 

Results 

The percentage of Sm correcEly Identifying each item was 
computed in the following manners for each of the 50 items in 
Form A and for each of the 50 Items in Form B the percentage 
of "Yes" responses to a concept example or the percentage of 
''No" responses to a concept non-eKample were calculated. A 
list of all the test items and their respective probabilities 
for the Instance Probability Analysis comprises AppendlK 
It was found that the concept habitat was most frequently cor- 
rectly identified, with 70.3% of all items marked correctly by 
the 88 students. Other percentages were 65.25% of all population 
items identified correctly, and only 61.5% of all community items 
correctly identified. On the whole, negative instances were 
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not correctly identified as dften as positive instances, and 
this trend held true for each concept computed separately as well 
as for all t^r«e concepts considered together. When percentages 
for all positive IteTns were computed (across concept) it was 
discovered that positive items were marked correctly 821 of the 
time, but negative Items were marked correctly only 49.5% of the 
time. As shown in Table 3, the range of probabilities for nega- 
tive instances was much more extreme than the range of probabliitles 
for negative Instances. It was not unconmon for negative iristance 
probabilities to be far below the .50 level of chance responding. 



Table 3 



Range of Probabilities for Positive and Negative Instances 
Used in the Instance Probability Analysis 



Positive Instances Negative Instances 

Ranse Range 



Form A 



Population 


.88 


to 


.65 


.84 


to 


.37 


Habitat 


.98 


to 


.65 


.95 


to 


.12 


Conmiunlty 


1.00 


to 


. 71 


.65 


to 


.17 


Form B 














Population 


.84 


to 


.57 


.68 


to 


.28 


Habitat 


.97 


to 


.61 


.95 


to 


.11 


Conmunl ty 


.82 


to 


.66 


.51 


to 


.22 
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PILOT STUDY 
Purpose 

Objectives of the Pilot Study were^ 

1* To deterralne the level of difficulty of lessons and 

tests for sixth^grade children. 
2* To determine the suitability of the modified linear 

program format which was used for all three lessons, 
3. To collect data on item probabilities to be used in test 

revision* 

4* To determine exact time requirements for lessons and testa. 
Sub j ects 

Twenty=-elght students from Oregon Middle School in Oregon ^ 
Wisconsin served as subjects in the Pilot Study, The school Is 
located In a small, middle^class s rural comnuntty In southern 
Wisconsin* In design, the Oregon Middle School is an open class- 
room, in which approximately 550 children are separated into 
four "units" of nearly equal size. Only sixth*-grade children 
were used in this study | however, S^b were selected from Unit A 
in which children range from ages ten to twelve* The 28 Bs 
were selected on the basis of conveniance of scheduling, and they 
coraprlsed the population of one sixth^grade social studies class. 
AcGordlng to the acience instructor, none of the students had 
mastered the concepts population , hab^ltat p or comnunlty * 
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Materials 



Lessons 



Based on Itenis from the Instance Probability Analysis^ 
three lessons were developed • 

LESSON I, In this lesson the concept population was pra^ 
sented, A definition of the conr pt was pro- 
videdi as well as a Markle-Tlemann proportion 
of instances- 4 examples and 3 non-^examples , 
sequenced 5-*^ . 

LESSON II, The concept habitat was presented. There was 
a concept definition and a Markle-Tlemann pro- 
portion of instances 1 4 examples and 2 non= 
examples , sequenced +,+^+5+^-,-, 
LESSON III, The biological concept of community warn prm- 
sented. There was a concept definition and 
a Markle-Tiemann proportion of Instances 1 4 
eKamples and 3 non--exaraples , sequenced + * + , + * 

All three lessons we ve written in a modified linear progranmlng 
format, which required the to write answers to questions about 
the relevant attributes, and provided Imraediate printed feedback 
along the right-hand margin of the page. Feedback was also 
provided for three multiple-choice questions and two review 
questions at the end of each lesson, following the presentation 
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of concept examples and non-examples. Each of three multiple- 
choice quescions required the S to complete a phrase by selecting 
the correct relevant attribute, as below: 

Populations are always made up of ? 

a) living things 

b) things which are not living 

The review questions were written to encourage students to look 
over the instances again. Since T.esaon I dealt with the concept 
population, the review questions in that lesson were: "How 
many examples of a population did you find in this lesson?" 
and "How many groupa were not examples of a population?" The 
readability of all lessons was checked by a reading specialist, 
and found to be appropriate for sixth graders. The Pilot lessons 
were very similar to the basic lessons found in Appendix D, 

Selection of examples and non-examples for the Pilot Study 
lessons was based on Item statistics from the Instance Probability 
Analysis. In order to choose examples and non-examples which 
were roughly equivalent In terms of probabilities, it was nece- 
ssary to employ the following specific selection rules ^ 

1. The total number of positive instances shall be selected 
from nearest the median probability, when all poslcive 
instances are rank ordered. 

2. Each negative Instance shall be selected from nearest 

the raedli^i' probability, when negative instances are ranked 
separately by the relevant attribute which Is excluded. 
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A decalled summary of the selection procedure for positive and 
negative instances of the concepts population , habitat , and 
comnunity foi the Pilot Study comprises Appendix C, 

Tests 

Following selection of eKampleiJ and non-eKamples for all 
three concept lessons, the remaining Instances in the pool were 
used in construction of three tests to measure concept acqui- 
sition (included in Appendix E) . 

TEST 1, Part Identifications Bb were required to 
identify twenty-five Instances as eKamples or 
non-examples of the concept population * 
Part 11^ Multiple-choice- were required to 

select the correct definition of popuiatiQn . 
TEST 2, Part I , Identifications ^s were required to 
identify twenty-=five instances as examples or 
non-eKamples of the concept habitat . 
Part II , Multiple-choice t Ss were required to 
select the correct definition of habitat . 
TEST 3, Fart I , Identifications Se were required to Iden- 
tify ten instances as eKamples or non-examples of 
the concept comnunity ^ 

Part II , Multiple-choice: Sp were required to 
select the correct definition of conanunity . 
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In addition to the three tests already descrlbc^d, h fourth test 
was constructed to measure knowledge of tnt errela tlonshlps amonR 
concepts and knowledge of concept definitions (detinlng attrL- 
butes) - 

TE-'^^T 4. Part 1^ Triie-FalsLM Ss were required to answer 

five true^f alse 1 temm which dL^alt with In t err e la- 
tionshipp . 

Part 11 ^ Multi^ le-cholce I S^s were rGqulred to 
complete four multiple-choice Items which dealt 
with InterrGlatlonahips . 

Part III , Matchln;!^ Ss were required to match 
concept labels with the appropriate concept defi- 
nitions for population , habitat , and coimunlty . 

Procedure 

All Ss received the same lesson materials. E explained 
that the purpose of the lessons and tests was not student evalu- 
ation, but evaluation of the instructional materials, Tha use 

£ cardboard strips to conceal answers printed in the lesson 
booklets (along the right-hand margins) was demonstrated , E 
pronounced a list of difficult words ^ and the students were 
instructed to begin. When S had completed a lesson, he raised 
his hand, and the proctor collected his lesson and handed him 
a test. Sb ware encouraged to write comments on the back of 
each test concerning lesson and test difficulty. Interest level, 
ambiguities, etc. After all Ss had completed Test 1 the tests 
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were collected and Lesson 2 was distributed, Th^? complete 
sequence of lessons and tests was ^ Lesson I ( Populations ) , 
Test 1 ( Populations ) ^ Lc^sson II ( Habitats ) , Test 2 (Habitats), 
Lesson 111 (Communities) , Test 3 ( Conmiunltles ) , Test 4 (Final 
Test) * 

Results 

Probabilities were calculated for every test item used 
in the Pilot Study. A suTmnary table of probabilities fcjr Part 
I items requiring the £ to identify examples and non--exampleB 
comprises Table 4. The ranges of possibilities for positive 
and negative examples were less extreme than in the Instance 
Probability Analysis* Mean probability scores were generally 
high but not at celling level. 



Table 4 

Probabilities for Part I Test Items (Pilot Study) 







Posltlvt 


i Instances 


Negative Instances 


Test 




Range 




Mean 


Range 


Mean 


Populations (Test 


1) 


1.00 - , 


93 


.96 


1.00 - .43 


.76 


Habitats (Test 2) 




1.00 - . 


86 


,95 


1.00 - .75 


.89 


Communities (Test 


3) 


1,00 - . 


89 


.94 


.96 - .75 


,88 


In Part II of Tests 


1, 


2, and 3 


which 


required the S to 


select 



correct concept definitions, 93% of the Ss selected the correct 

O 
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definitions for population and coimnunlty . while only 68% selected 
the correct definition for the concept habitat . The depreHsed 
probability for this last (concept was apparently due to an 
ambiguous phrase, which wa.s modified for thy main studies. 
Results of Test 4 (Final Test) were as follows- 

Par^_I: A mean probability of .86 was obtained for true- 
falae Items testing concept interrelationships. 
An especially ambiguous item (£^-.54) was excluded 
from the main studies, 
Par^^: A mean probability of .72 wan obtained for multi- 
ple-choice items testing concc'iJt interrelation- 
ships . 

Part III:On the matching Sfcccion, probabilities for the 
correct definitionB were .79 ( Communl tv) . .57 
(Population) . and .39 ( Habita t) . Because of the 
unusually low probability for habitat, an especially 
ambiguous definition of that concept was modified 
for the main studies, and directions were clari- 
fied by adding ''There Is only one correct definition 
for each word'" 

Written comments provided by the students generally indicated 
approval of the modified linear programming format, enjoyment 
of the lessons, and satisfactory level of difficulty. Though 
roughly 25% of the Ss suggested that the materials were too 
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siipli for sixtli paifirg, all hm li test itiria Htli 



i; ;! 



e eultibk' for m at tie 



xtiiirai liil in tli three laiii stiiiei 



TV 
MKTHOn 

To investigate the effects of certain InstructiDnal vari- 
ables on the immediate acquisition and retention of concepts in 
environTnen ta.l education at the elemGntHry grmdp level, three TTiain 
studies wer€ conducted. Each of the mnin studleB was directed to 
ward one of theRe Specif ic reBearch questions* 

1. What are the effects of presenting selected numbers of 
positive and negative instances in the absence of a 
concept definition? 

2. Vrhat are the effects of presenting selected numbers of 
positive and negative instances in the presence of a 
concept def inition? 

3* I'Then presenting a Markle^Tlemann number of positive and 
negative instances, what are the effects of defining 
the concept and emphasizing the relevant (crlterlal) at^ 
tributes? 
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MAIN STimY T 

TliG first mn In Htutiy LnveBt i gnteci tho effpctH of numbor and 
type of concGpt inBtancf^B on the acquisition of onvlro.rTiental con=- 
cepLH in tlie absancc of a definition. 

Sub j ac t s 

The Sh for Main Study I were students at the same elementary 
school in which the Pilot Study was conducted. The initial sample 
consisted of 111 from tvro ''units" of sixth graders at Oregon 
School In Oregon, Wisconsin, but due to absances at the time 
of retention ttBting the sample size used in data analysis was 
97* S^s in this study plus those wlio were involved in the Pilot Study 
constituted the entire sixth-grade population of one unit (Unit R) 
and half of a second unit (Unit A) at Oregon Middle School, Chil- 
dren from Unit A were selected on the basis of convenience of class 
scheduling^ and included those students who were in the same social 
studies section. All those students in this unit who had been ex- 
posed to the Pilot materials were later excluded from the main study* 
S^s in the Pilot group were not told that Identical materials would 
later be presented to lellow sixth graders ^ and there was a three= 
week interval between the Pilot and Main Itudy I, so that contami- 
nation of the Main Study sample was judged to be negligible* Accord- 
ing to the teachers, students had not been formally exposed to any 
of the three environmantal concepts population , habitat , or connnu- 
nlty , 
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Ma t e r i M 1 H 

Lessons 

For the purponi'B of this experiniunt all leKBon mnterlalH used 
in the Pi 1 o L S L rid y (w I t h inod i f i c a t io n h d b c r i be d i n C h ap t e r 3 ) we r e 
changed in the following ways: 

1- No definition of the concept was provided* 

2. No emphasis of relevant attributes was provided (the modi- 
fied linear prograiniTiing format was not used). 
Three versions of each of the concept lessons were prepared, as 
shown in Table 5. In addition, three placebo lessons were developed: 
Lesson I* Conge rva t ion* Lesson II, Transportation ; and Lesson TTT^ 
Invention . The placebo lessons were condensed versions of articles 
in The World Book Encyclopedia (1969 edition). 

Tests 

Test 1 (Populations) 5 Test 2 (Habitats), Test 3 (Conmunit les) , 
and Test 4 (Final Test) were the same tests which were administered 
in the Pilot Study (with modifications as noted in Chapter 3). The 
long-term Retention Test was composed of Tests 1-4 combined into a 
single booklet , 

Procedure 

S^s were randomly assigned within reading level to one of four 
experimental conditions. All lessons were pre-packaged^ with the 
S^'s name and treatment group printed on the envelope. Table fi shows 
the lesson and test sequence for each of the treatment groups* 
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Table 3 

ContenC of TjGssons 
For Main Study T 





Concept 
= 


V ers ion 


Content 


Populat Ion 


Form S-101 


4 


+ 


instances^ 


and 






3 




instances* 






rOrTTi b~J.UZ 






instances* 






Form S-103 


2 


+ 


instances 




Habitat 


Form S-201 


4 


+ 


instances* 


and 






3 




instances^ 






Form S-202 


4 


+ 


Instances^ 






Form S=203 


2 


+ 


ins tancas 




2oTTiinunity 


Form a=-301 


4 


+ 


instances^ 


and 






3 




instances^ 






Form S-302 


4 


+ 


ins tances^ 




? 

( 


Form S~303 






Instancas 





*Indlcates the number of Instances which Is recommanded by 
Markle and Tiemanni 
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"^hn procrnr cH 8t:r i biit:p{l Iphhoii p;>r!'m^ an] ^:ive i ns t rue t toti't 
concerning, procedure to be follow^f] In corripl et In.s^ lessons and toRtfi 
A list of dLfficulC wot^ds was pronounce:^! , questions of a general 
nature were answered, and students wt?re told to begin work. When 
had finished reading a lesson he raised his hand, and the proc- 
tor coilected iilg lesson and handed him a test. After S had com- 
pleted tests 1-3 Che proctor collected all three tests and S worked 
quietly on an assignment until all students were finished, at which 
time the final tests were distributed. 

Students were seated in tliree clusti rs to keep group size 
manageable. Five proctora were used altogether: E and two research 
colleagues faniiliar with the study were in charge of the clusters » 
and two Center employees assisted with the proctorlng. nirections 
to the students were essentially the same as directions for the 
Pilot Study (Appendix A) , 

Design 

The experimental design for Main Study I was a 3 x 4 randomiEed 
block design with three levels of reading achievement (high, Tnedium, 
and low) and four treatment groups, as diagramed in Table 7. This 
design was employed for all three main studies. 

Previous reading achievement was based on STEP scores (Sequen- 
Eial Tests of Educational Prug^^ess, Series II), By blocking on pre- 
vious level of reading achievement, an equal number of £s was ran^ 
domly assigned to each of the four treatment conditions. A summary 
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of the treatnienC condiClonB for .^Uiln Htudy 1 is prn%Miriod in 'r;ibit^ 
85 nnd the number of siihjects in eacli cell is ^iven in Table Q. 
Independent variables in this experlrncfnt were namber of concept 
inBtances preHent^d and type nf rnncppf' InRtRncpR preRpntnH (in t I r^ 
absence of a concept definitlnn). 

Table 7 
Exper iitien tal Design 
for Main Studies T, II , and III 



Previous 
Reading 
Achievement 
Level 


Tr Gatrnent Group 


Condition 1 


Condition 2 


Condition 3 


Condition 4 
(Placebo) 


High 


< 




























Medium 


< 




























Low 


< 










> 

— ^-=^ — 



















(Note - Arrov^s refer to randon assignment) 



Table 8 



Suimary of Treatment Conditions 



for Main Studv l 



iTraatment 



:Cond, 1 



Cond. 2 



. 3 



Cond, 4 



Independent Variable 



Number Instances 



Positive 



Negative 



Markle^ 
Tiamann^ 



Markle- 
Tiemann 



Markla-^ 
Tiemann 



none 



Ddf inltlon 



none 



placebo lessons 



no 



no 



no 



asis 



no 



no 



no 



* According to the Markle-^Tiamann paradigmj Lha specific 
numbar of positive and negativa instancas depands upon 
the numbar of relevant and irrelavant attributes which 
a concept possessas* 
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Number of Subjects Bv Cell 
for Main Sf=ndv T 











VjUllli i LXtlll 








Previous 
Read ing 
Achievement 
Level* 


MT**posi- 
tives 

MT nega- 
tives 


MT posi- 
tives 


2 p o s i = 
t ives 


r~ ' " " — — • — ^ 
' Control 

placebo 
leBsons 




TotalB 
Across 
Condition 


High 


8 


7 


8 


7 




30 


Medium 


8 


9 


9 


9 




35 


Low 


8 


8 




7 




32 
















Totals 
Across 
Reading 
Level 

i 


24 


24 


26 

I 


23 


- 1 


97 



* Based on STEP (Sequential Tests of Educational Progress, 
Series II) scores 



** Refers to the rational set of instances as recotranended by 
Markle and Tiemann 
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Hypo ttieses 

The folliwing Hp^clfic hypoChoBeB were made for ^teln Study 
T (ref er to Table F> for a Hiimmary of trentment rond 1. 1 ionB) ^ 

la. On the dependerit v/ariablD ■'recognltlnn of now concept 
instancaB*' , Condition 1 will result In signl f lean tly 
bat ter perf ormancG than Condit ion 2 ^ whi ch will be 
significantly bettfer than Condition 3^ which will be 
significantly better than Condition 4 (Control)* 
b. On the dependant variable ''overgenarallzat ion'' , Con-- 
di tlon 1 will result in significantly less over gen- 
eralisation than Condition 2 , 
II. On the dependent variable "'knowledge of cnncept de- 
£initlon"j Condition 1 will isult in significantly 
better per fornianae than Condition 2^ which will be 
significantly batter than Condition 3, which will be 
significantly better than Condition 4 (Control). 
III. On the dependent variable '■knowledge of interrelation^ 
ships among concepts"^ Condition 1 will result in sig^ 
nlflcantly better perf orriiance than Condition 2^ which 
will be significantly better than Condition 3, which 
will be significantly better than Condition 4 (Control) , 
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MAIN STUDY II 

The second main study was identical to Main Study I in de^ 
sign and methodology except for the inclusion of concept defini= 
tlons* The purpose of this study was to investigate the effects 
of number and type of concspt instances on the acquisition of en^ 
vlronmental conceptB in the presence of a definition. 

Subjects 

Main Study II was conducted In four different schools wlth^ 
in a med luni'-sl^e Midwastern joint school district. The schoolB 
were generally small and located In predominantly rural cotmnunltles , 
At the beginning of the study there were 103 slxKh-grade S^s, but 
due to one absence at the time of retention test i^ngj the final 
number of $b was 102* Teachers at all four schools Indicated that 
their students had not been formally exposad to the concepts 
population ^ habitat i or coimnunlty prior to the eKperiment*^ 

Materials 
Lessons 

For the purposes of this eKperlment all lessons were iden=- 
tlcal to the lessons In Main Study T, except that concept daflnl- 
tlons for population > habj^tat ^ and community were Inserted, No 
amphasls of relevant attributes was provided (the modified linear 
progranmiing format was not used). Lesson content for the treat- 
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ment groups In Mr^ln Stucly TT Is described In Trible 10* Placebo 
lessons were Identical to those on Conservation i 'I'ranBp orta t Ion » 
and Invention which were used ii. y previous study. 

Tests 

Test 1 (Populations), Test 2 (Habitats), Test 3 (Communities), 
and Test 4 (Final Test) were the same tests which were administered 
in Main Study I, The long'-tertn Retention Test was composed of 
Tests 1^4 combined into a single booklet. 

Procedure 

The procedure for this study wa^ identical to the procedure 
outlined for Main Study !• Consult Table 6 for the schedule of 
lessons and tests* 

E was present In each of the four classrooms to conduct the 
experiment J al^ng wlt^ one other researcher. 

Design 

The experimental design for Main Study II was a 3 x 4 ran- 
domlEed block design with three levels of reading achievement (hlp.h, 
medium, and low) and four treatrTient groups* 

Previous reading achievement was based on scoreB on the Reading 
section (Test R) of the Iowa Tests of Basic Skills which was admin^ 
Istered in October 1971. By blocking on previous level of reading 
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Table 10 
Content of Lessons 
for Main Study II 





Concept 


Version 


Content 


Population 


Form 

Form S-102 
Form S-103 


4 + instances* and 

3 ^ inatances* plus 
concept definition 

4 + instances* plus 
concept def in it ion 

2 + Instances plus 
concept definition 


U J= Li. ^ L. 


rorrn b^ZUl 

Form S-202 
Form S-203 


4 + instances* and 
2 - ins tances* plus 
concept definition 

4 + instancee* plus 
concept definition 

2 + instances plus 
concept definition 


! Conmunlty 


Form S-301 

Form S-302 
Form S-^303 


4 + instances* and 

3 = Instances* plus 
concept definition 

4 + instances* plus 
concept definition 

2 + instances plus 
concept def initlon 
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IndlcaCfts thB number of instances which is recOTn- 
mended by Markle and Tiemann, 
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Numl^er n Sub jecCH Hv Coll 
For Main Study IT 







Trein tment 


Cond L L ion 








P rev 1 fill H 


t i vGH 


MT posi = 


2 1^ o H i, - 


C'nnt rnl 




Totals 


Read 1 ng 


MT ne^a^ 




t i vuK 






Ac rosR 




t iVQS^ 

plus con- 
cept defi^ 
nit Lon 


plus con^ 
cep t tlG f i.= 
n 1 1 Ion 


plus con=^ 
cept dci-f L = 
ni t ion 


pi aCGbo 
leBSons 




Cnnd it ion 


- 

High 


10 


10 


in 


10 




40 


Mad iiini 




1 f\ 

X. u 


1 n 


Q 
I. J 








10 


Q 


in 


s 




36 
















Total H 
AcroBs 


30 


28 


10 


2fi 




114 


Heading 














Level 















^ IWiHed on renfllnj' Rcnren f'Cof^i H) of the town TpstH of Basic Bkllls 

sfe* Refers^ to the rational H(^t of inHtanncs as r ecnnimendod by 
Mnrkle and Tinman n 
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HypotriOBt?K 

The following Hpi^ciflc hvpot-hnHeB wore mndp Tor Main Rtudv II 
(refer co Tnblo 11 for a Bumniary o" \rh!at:nienE conditions): 

la. Hn the depenriDnt VMriablo "recQ^nition of new concept 

instancuH", f;onditlonH i, 2, nnd 3 wl] ! not be Higniri-^* 
cantly dirferont from c-^ach othc^r, but tliGv wll] result 
In Hi^^nl f icnnt ly bettor nc^rf ranKinco than Condition 4 
(Control) . 

b. On the dependc^nt varinbln "nverBeneral izat ion" , Condi- 
ttcin 1 vjlll not bo H i }>ni f lean t ly different from Condi- 
tion 2. 

il. On the dopeindent variabttf "knowledge of concept dafini^ 
tion'% CouditionH 1^ 2, and 3 will not be Rifinif leant 1 y 
diffarent froni each oClier, but they will result in sig- 
nificantly better per rnritiance than Condition 4 (Control). 
Ill* On thci dependent variable ''knawledgo of interrolat ion = 

ships among concept^*', f;ondJi:ionH 1^ 2, and 3 will not be 
BiRni f leant 1 y dJffereni: from each other, but they will 
result in signif Icantly better performance than Condition 
4 (Control) , 



MAIN STUDY TTT 



The purpoBe of the third main Htudy was to i nvt^n t; i the 
effects of definition rind omplmsiB of relevant (defining) attri- 
butes on tha acquLsition of environmcMit al concepts* 

Sub J mcts 

Subjects for Main Study TJf wert^ 1.17 Bixtli-grado students 
frOTn four different Hchool?? located In the Ram- .loint school 
district in which Main Study Tl wnB conductod. The final nuraber 
of subiectR used in anaivslH was 11 A, rhio to nhRcnco^ nt the 
tima of retention testinF^. for studies TI and ITT comprised 

the entire Hixth-grade population of neven elemGntary schools in 
the joint district. Since the sfudent population of one school 
was involved in both studiea IT and TTT, tho children were ran- 
d-omly divided into two equal RroupR, ho tliat one half of the 
siKth-grade population participated in Btudy TT and the other half 
participated In study ITT. The were unfamiliar with the con- 
cepts In the experimental le^^sons , and according to the teachers 
there had been no forma] instruction on the concepts population . 
habitat ^ or community , 

Materials 
Leg son. s 

Tlie tliree concept IcsBons fur this eKperJment were vari/ition?^ 
of the same lessons which were used in the Pilot Study (with 
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modifications as described in Chapter 3). A coMecEion of the en- 
virnomental lessons including concept definitions and emphaaii- 
of relevant (defining) nttributeK in a modified linear prosrarnming 
format comprlseB Appendix !). Concept definitions for population , 
habitat , and community were Riven, and emphasis of relevant attri- 
butes was provided in a modified llu-ar rrogrninming format with 
Iramediatr? feedbork. I.osson conL,.nL for tlic tre.itment groups in 
Main Study LIT lh sliown in Tnblu 13. Placebo lessonR were Che 
Conservation . 'rranapor tat ion , and 1 nvontlnn lesRonf? which were 
u^ed in the previoua two main studiew. 



Tests 



Test 1 CPopulations) , Test 2 (Habitats), Test 3 (Communltiefi) , 
and Test 4 (Final Test) were the same testa which were admjii is tared 
in Main Studies T and Tl, The long-term Retention Test was coni^ 
posed of Tests 1-4 combined Into a single bookle't. 

Procedure 

The procedure for this study was the same as the procedure 
which was outlined for Main Study I. it was necessary for the proc- 
tor to briefly explain tlie use of cardboard strips to conceal feed- 
hack in tlie margins of the programined booklets. Consult Table 6 for 
the schedule of lessons and tests for Hnin Htudy TTl, 

Two proctors (j£ and anotlier riHearcIier familiar with the 
study) were pr '^ent in each of the four clasaronms. 



nnntent of Lesanns 
for >ialn Study m 



Concept 



Population 



Habitat 



Cominuni ty 



Vers J on 



Form a ^101 



Form H-in2 



Form B-10 3 



Forrii S-201 



Form 



Form S-203 



Form 3^301 



Form S-302 



Form S-303 



4 + InHtanceB^ and 

A 4^ instances^ and 

3 - linrilanceB^ with 
concept definition 

4 4 inHLances* and 

3 ^ iiiRtancea^ wirh 
c one t Je f in i t ion 
and empha.siB of rJ- 
1 o n i: a 1 1 r 1 by t e h 



4 + instances* and 
2 - Instances^ 

4 + instances* a I 
2 inHtances^ with 
concept definition 

4 + instances^ and 
2 = instances* with 
c one ep t rie f in i 1 1 on 
and cmphasiB of re- 
li^^vanL ■ at t r ibut e^^^ 



4 + instances* and 

3 - instancos* 

4 4= InBtances^ and 

3 iuRtancQn* with 
c one ep t d e f 1 n i t i on 

4 + instancGB^^ aiTfi 

3 = instancfH^ wi th 
rnn^-ept fie f i n f t ! on 
and emDhasts of re-- 
levant a t tributes** 
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— ■ — - - -» - - _ . - _ _ _,. r ^^..^^ 

* Indicates the number of Instances whicli is reconrnmnded by 
Markle and Tiemaiin, 

** Indicates use of modified linear programming form/n . 
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Design 

The experimental design For Main Study III was a 3 x 4 ran- 
domized block design with three level b of rending achievenient (high, 
medium, and low) and four treafment groups. 

Previous reading achievement was baseo on scores from the Iowa 
Tests of Basic Skills (Test R: Reading), administered in October 
1971, Blocking ou previous reading achievement resulted in a ran- 
dom assigranent of an equal number of to each of the four treat- 
ment conditions* A summary of the treatment conditions for Main 
Study III is given in Table 14, and the number of subjects in each 
cell la given in Table 15. The only Independent variables aanlpu- 
lated In this study were concept dafinitlon and emphasis of rele- 
vant attributes J so the number of positive and negative Instances 
remained constant across treatments. 



Table 14 
SOTanary of Treatment Conditions 

for Main Study III 









Independent Variable 


Treatment 


Number of 


Instances 


Definition 


Emphasis 




Positive 


Negative 






Cond* 1 


Markle- 
Tlemann* 


Markle- 
Tlemann 


no 




Cond . 2 


Markle- 
Tlemann 


Markle^ 
Tlemann 


yes 


no 


Cond. 3 


Markle= 
Tlemann j 


Marki e* 
Tlemann 


yes 


yes 


Cond . 4 


Placebo 


lessons 







* According to the Markle-Tiemann paradigm/ the specific 
number of positive and negative instancea depends upon 
the number of relevant and irrelevant attributes which a 
concept possesses . 
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Table 15 
Number of SublectR Ry Cell 
for Main Study Til 







i 

h 


Treatment 


Cond it ion 








Previous 




MT posi- 
tives 


ivy posi-- 


Contrn 1 




Totals 


Reading 
Achievement 


MT nega- 


MT nuga- 
civas 


MT nega- 
tives 






Ac ros s 


[ 

i 

: 

: 


tives 


plus con- 
cept def± = 
nl t Ion 


plus dafi-- 
nit ion 
and em— 
pha s i s 


p 1 ac ebo 
lessons 




Conciition 


High 


8 


8 


9 


9 




34 


Medium 


9 


9 


9 


8 




35 


Low 


7 


9 


8 


9 




33 
















Totals 1 














Across ) 
Reading 


24 


26 


26 


26 




1 02 


Level 















^ Basud on reading scores (Test R) of: the Iowa Tests of Basic Rkills 



Refers to the rational set of instances as recommendad by 
Markle and TieTnann 
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Hypotheses 

The following specific hypotlieHns were marlo for Main Study 
III (refer to Tnhle U for a summary of treatment conditions): 
I, On the dependent variable "recognition of new concept 

instanceH", Condition 3 will result in Kignif Icantly better 
performance than Clondition 2, which will be significantly 
better than Condition 1, wlilch will be Rlp,nlf Icantly becter 
than Condition 4 (nontrol) . 
II, On the dependent variable "knowledge of concept defini- 
tion", Condition 3 will result in significantly better 
perforTnance than Condition 2, which will be significantly 
better than Condition !» which will be significantly 
better than Condition 4 (Control), 
III. On the dependent variable "knowledge of tnterrelat ion- 
ships among concepta", Condition 3 will result in sig- 
nificantly better performance than Condition 2, which 
will be significantly better than Condition 1, which will 
be significantly better than Condition 4 (Control), 



ERIC 



RKIiULTH 

Scores on each of iihe four inimedJ ate aL:quiH f tlcni tu^3tH (Tc^t 1 , 
Teot 2^ Test 3 J Test 4) and L\w relent ion lont wure ubtalned fur uach 
S^* Analysis of Lhe claLa waa pen rnriiiod using vAxid following dt^p(-ndent 
variables' recognition of new vtnicc'pt L;-r;inct-^ (exnmpU^H and nun- 
examplas) , QvergtanerolizaLlon , undcrgunural izaLion * knuwit^dge of con-- 
cept definititjnj and knowltjd^e of Interro LationHhipB among conceptH. 
Sincu recognition of new inriLaiicus wari LtisLed in Part i u[ TeHtH 1. ^ 2, 
and 3, the raw Hcores on each tast w:r*ra converttul to Z-scoreB and tlie 
dependent measure used in^ analysis was tlit^ Hum of Z=^hcortis across all 
three tests* Overgeneralizat ion and underg^neraiizaclon were based on 
errors made on the Trecognition ItaniSs so these dependent measures were 
also sums of Z-Hcoren acrosa TestH L, 2^ and 3. Knowledge of conci?pt 
definition was determi ni from untj iiiult i ple-^cho ice Item on Trnt 1, one 
multiple-^choice item on Test 2^ one nmit ipJc^-^clioJce item on 7'eat 3, 
and a three-part rnatching qnoHtJon on 'I'est 4. For this reason, Lhe 
dependent measure for knowledge of 'concept definition was determined 
in the following manner r (a) raw scores for the '['est 1 ttem^ the Test 
2 item, and the Test J item were summed and then convt ted to a Z'-score; 
(b) raw scores for the three iteniM in TeHt 4 wore sunnned and converted 
to a Z-score; (c) the dependent measure used in analysis was a sum of 
the two Z-scores. Knowledge of i ni or rela L li nHh i pH among concepts was 
tested with 5 true-false items and A multip 1 e-clH> i ce itmes LM)ntalned 
in Test 4. Since all items wert^ contained in a single test and there 
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was no need to combine scores acroBS tests, tlie depandent measuri^ for 
knowledge of interrelationships was lt*ft as a raw scoru tntal. For 
reference^ raw score data (means and standard i' ^ 4l. ns by test) lor 
all dependent variables in the three main stuu i , provided in 
Appendix H. 

Prior to testing .specific ordered hypotlieHeH for the main 
studies, a 3 K 4 analysis of variance (3 levels of previous reading 
achievement and 4 treatment conditions) wati performed on each of the 
five depe ident variableK (recognition of new concept instances, over- 
generalisation, undargeneralization, knowledga of definition, and 
knowladge of interrelationahips) , A complete Bet of ANQVA tables for 
all three main studies (Inmiedlate acquisition and retention) com- 
prises Appendix 

Where specific hypotheses were made concerning tlie three de- 
pendent variables recognition of new instances^ knowledge of daflni- 
tion^ and knowledge of interrelationships, non-orthogonal planned 
comparisons were carried out with a selected overall alpha (a) of 
• 05 so that each ^f the tliree pairwise contrasts was tested with i = 
.016. The Tukey procedure for pairwise comparisons of mean scores 

was used for the overgeneraliza tion and uridergeneralizatlon variables 
(employing a simultaneous error rate of *05). As cell slzas were un- 

equal , an approximate critical value based on tlie harmonic mean was 

used , 

For organizational purposes, tlie results of each main study to 
be reported in tliis chapter will bu presented by dependent variable. 



EKLC 



MAIN s'^' nv 1 



w;i- M f Kfi i !' iraiit for f/i ry :-r M.i^':M -/:iri il-^i- m; hniiu^liaLe at^quisit ion 
<'--\010) ayi vjrll ?o -- ... - ! i * ! .:a: 1 

Ht: r n L 1 r t ca t ion x truariiuM-^t iiH^o i. a i^ns lii Main Stauv f i.>i either 
inini(:^<Hat:i> acquiHlticMi ni roLoiit i.^^^ fp' MoaiiH for t?ach oT the 

fic3p€'ndenl varirihlpH io *^*a i a '-T aa^' \ -j,^^ ^ i ^a^n bv fTa^arTnpnt (airnlirinn 
and St: r^it i Pi r^j t i uu lava] In finnifoM^ia ac^qu i h i t i cai aari reLontion 
Tables (Appendix cn . 

Psychometric Charac teri hL Irs of lha Tastrs 

On Main Study I InimadlaLa at^ qa is " t 1 on , the llnvt raliabllity 
estimate for the 60 JtcmB (1% sf a 1 - tr'^tiiip rfcngnltion of new 
concapt instances wan quli.^ In ah (.Hi). Kt^l labi ] Ltias for tlie ft 
Items testing knowleihu' of dafiiiition and the 9 itemh testing know- 
ledge oF interrelat lonahlpa woro niuah Inv/or (.nO and ro^pec 1 1 v^^Iy ) , 

R e n n gn 1 tin n f N* m^'^ T n a ^ ^ n r r* 

According to Markie and 1. aiann an Wt?ll as Merrill, both posi-- 
tive and negative Instances nre itnportant in taachln^ concepts be^ 
cause positive instances prori.^rc^ ganarnl i zati on to new exampleH and 
negative inscances proTnote discrimination of new non=-exanipleB * Any 
deviation from the prescribed rnlionai net of Jnstancesj such as 
exclusinn of negative instanceR f'rnm Ic-Bsan material.^, or rc^duction 
of the number of posit Lve instanca^^, would be expected to slgnlfl^ 



; \ 

cantlv cipproHs pc r f or :nnru. . In Main Stuti\= I t ln' I irst rroai'^tMii iini- 
dition rt'Ceived n full sot oT hntli posit ivi^ avvA nin':ativi' i n^- 1 /nir i^h , 
the? second conciitltui rcM/eivt^Ll Liu- p i t^Hi- rM In 'vi niiiiiluM* oi posit ivt^ 
iuHtkiUcc^ wltliotit ru'^uit lvi' insL:iTuMM^, Ll^' third (MMiditiiin r"seivucl 
only ^ ]50Hit:[vi: insrnncoii (v.u= halt tii*/ rs-u:r{hcd nuTTil^.T) withiuit 
negatLve instanccH, arid f])0 fou.'li Ci-adition wns tin- control i;rniip 
wiiLch received "placehn'' lesHonn. It was hypo t" he b 1 Pied tliaL on rhfs 
depundeiiL yai iahlu (rt>Cinni i c ! on '.a' m Ciinrepl iiv-Lancos) (Pundit itiu 1 
would result in Hi f i c nnt \ v h lor pe r f fM^maace tlian t:ondlLicni 2, 
which would be s " ;n i f i can t ly hc^ttra' than Conditinn 3. which in turn 
would be slgni t - anLly betLpr than Ci^'ulition (f:nntrnl), 

BARt^d on a fielected overall t nf .OS fe^^^ch of the tlirec direr = 
Elonal pairwiso contrastB witft an a of .016), it was found that on 
immediate acquisition f^miaiMon 1 wiM) rlie "^lark 1 e = T i emann hoL of 
positive and negative Instances rcHuIted Ln sign L f i cantly better ro- 
cognition than Condition 1! without negative instanro^; (t:^2.6, ^T'^^S), 
and the Condition 3 with only two poBLtlve inf^tanceH resulted In 
riignllicant ly bra rer recognition. tVuan t^ondition , Control (1^2.6^ 
£^<*005). The difference in recognition between (Condition 2 (full 
number of positive InstanceR, no noRatlveH) and Condition 3 ((inly 
2 positive instances, no negatives) was HlgnificanC at Che .05 lavel 
on immediate acquisition but not in the predir-ted direction, indi-= 
eating that the larger number ^ f po-itive instance^i. without ne^a^ 
tive instanceB may have beon confusing. On the retention measure - 
given 16 days following iimnediate acquisition. Condition 1 was still 
found to be signiFicantly batter than Condition 2 (t^2,3, £<,01), 
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biif f ''M III i i ! V Ml \ 
cl i(M I'll d i. Ti i < m: 



■ 1 . j 



'ruku y [; ! i r lH! I ! ! : !. f 1 ■ • ■ ^ ' 

w 1 H t* i'omp:! r i ; • ; ■ ^, ■ ^ : t ^ • , 

and I .70 for li vt ^ ■ - ' 

t ion f 'ond i i i c^n ! i^-:.:' i . , f ' 

( 'OTirl I f I Oil 1^ (fl f r r , = r , m:. ^ ■ ' ' : 

t:hau CoHi! i lion , r\ . m ■ ^ ' 
alHO hct'ter than Ca^iir^M] (j' 
only HigiiiTit aiU i^.i I r\v [ t o 



> 1 :■: pair 



! ' fir nil i s 1 



LI uni i 



^1 r t 11 1: 1 On t lu 



Br-caiiBe of t\\v iwnci ]fr\ \ \ ii/^za' \ ; ns i . iiu; Id promnte cl i.H^ 
c r I'lii na t j. it} , IL wrsuld i ^ i-iiM' t h^* ] us i cji-i of : go a Live 

nate and identjf ie^^ m s ^ Ka*:^ple s). Tt wa?H hyjjo theH i?^* . ri 

that nondition 2, uhfrh lack^L^d nr^j^ ir i i?i -;raih s, woiiid rt^Bult In 
slgnl f icnn t ly inctG oveigrMKM i i.-.ai loi: ihcin faind ft lori 1 with fsoth 
|j Hitive and nep^aMve i/n^M p)\v k-^^ ^ r-M^^^ I lie 'rni^?^^/ pr(M:::eHure v^th a 
simul taneoua error rate of .0^ for riix pdirwii^Q contrast^ {criti.:al 
value B = 1.60 tor iTimicd la t ; ^ r ioii , and ] .HI vc*t rc! tent ion) , It 

was found that CcMid i.Lioii did iix ^aL' riMai I r in i r;ni f ican t ] y morc^ 



EKLC 



yvurggneral i zat. i iMi llwin (:nibiitifM^ 1. ''otidltion I wiih i h^* mil sim 
of positive nnd nv^nliVf- iiisLruu w/in oloarlv .;upurinr to nil 
other conditLnnH (I diflt/r^Mit \rom J hv 2 ; I uirforiMit from \ hv 
1.79; 1 dlfforcMit: from A bv U/n, TlitTt^ wtM'*.^ nr^ .if lier pairuiHf 
cuLiLraHlH H igni r LL:iiU L y clLr!\'runL .^L ^ iin iiiinuiuiaLe acqui- 

sitlnn. On retenr [(-in, ClonlftLon 1 w.ih still h 1 en 1 ^ i r an 1 1 y difforent 
from Conditii ii 2 (by 2.(12), LndiofH :^ that; renioval negative* in = 
HtaiK-H'H caiist?d KLatilf nvein^t^nora I i Ha f i PI 1 hni none tl^-^ otl^f?- 
pairwiso compnr iHOns was h iral f irnnt , 

Undergo nfaraliKa Cion 

No specific hypothesiH w.i : made lor the dt-pendcnt variable of 
undergen^rallzation because tihiH c 1 nH^i Pication error is said to 
occur only wheiT a ful] niinht^r of negative instanrDs Ik preHented 
with an incomplete set of positive Instances. 1\ikey comparisons 
were made using a simul Cnneniis error rate of ,05 for the six p Ir- 
wise contrasts (critical valueH - 1.45 for immediate acquisition, 
and 1,67 for retention). Condition utth only two positive in- 
stances (no negativea) was found to result In h i ^n L f lean t i y lens 
underganeraj 1 zation than either ConditLon I (by .,49) or Condition ^, 
Control (by 2.1^'\) on immediate quiaition . On tlie retention test 
none of the six palrwise comparison was significant. 

Knowledge of Definition 

Afi one of the components of formal r.oncept at tai nin.mt , it was 
expected that • knowledge of the concept definition (diifinin^ nttrl- 
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Mark! f^'Tit^m^inn iiii-nl-^^M- i::-/^ ;;; : a-'/iti-'. ; n..? n;.-*--: ! h=iT; ]..■. 

l]jOH^zt^; that m r h.- iiJ--;! 'iM h i ; ..^ic^t rie- 

FinltioTi (on n'' '.m-^n- y^. ::■-,:[ . f h It. ^^1^' .016') fioii- 

'11 Linn 1 wuiilu ih I [ i;. -^i^'.':' ''^ ^ - i r pi ■ i m > nnai i f p Lhnn ^Jin- 

fliLicni 2, CnndiLivMi w.MiM !m ^ . :.i f | v h. r i , r rhan CondUinn 

3, and f'nndilinii w^'mI. Iv- ^-i.ni:'-; m,.*,,.^- muk! "onflirifm 4 

(r ontrnl ) . 

on iTntnt^diate acqulBiti.ni i.-l.ntion .1^^). 'fhe mp^nH *"nr (:nn- 

ditlons 3 and 4 were not rniniH !o nr^ jp ih(-> pr,.niclc^d dirRcfion, 
biinre nonCrnl Hj^ did iit'^Lt^r l lian ( nnd i i i. a j Hs tm both ImmedlaLe 
acquisition and rc^tent .lnn j t (miis t t i iu: Jwinw 1 edge? nf dr^finition, 
IhJug t:he Tuke'v prociKhirt^ wjii^ s i inu U rtnt^^oiiH ^a^ror rsLC? oT 
.05 for Hix pciirwlHe c;umpar . nr-i^: r! Liu- LJonLrnsr.- ^^^as nigni- 
ficant on imiripdiaLe eh^aui s f r 1 r.'rvMif li. m.. 



Knowlcdp ' : • 1 n%. i l : mi:.:; :;.a 

Tt wap hyprihepi^od rfint Confl-tinn wnuld rrnnlt In Hlpnlfl- 
cant]v better knowJerigp of lintr rre lati nn'^hi dh r hrin 'nndninn 2, whirh 
would I'O slgnlfi-inclv hetLer ;.han Corivnlian v/hich in turn wnuld 
be significantly bt^tter than CnTidU t -i (rnDtrn]) ^ None? of tlie 
three dlrectlonaT pair^vi-^e conti^ast ^^il^r •significant on Immedlaie 
acquisition or retention (£>,10). in nondition 2 did perforni 



Hllj^litly :H'Ltrr f s in ^'(in-iiliMn i ^ mi r : n »w 1 < m h- i ■ o* iiitfrri' = 

1 at: i otihIi h^s nn t k^w^ U • .ik \^-]. : : i .a t' 1 < = q i: | s i f i mm » . 

For LiiLs r^riHim IIk^ nk',Mi!: ; oi^ i'Milifi^MiH ! nncl !' \-;vvr -u-^ In t })t-^ 
prc-'f^ 1 v; t^jrl (I 1 PiM' t i i>ri , 

No s 1 );ri I 1 i ^- - i 1 1 L J I : ■ im^ * ■ l= ] o tn n i ■( i « ^ - i iiniUMi La Iv qui h i - 
t ion or retent LOT! wli^'n Tulu-v l > r i sons wDi\j inan<' (ijHlns: a hltiiiiI Ca- 
ll L* o iJ r rn V r t ij d j ,0 ' ? ) ^ 

My\ IN S'nM)Y I I 

Fn thi? Hecond ninln wtudv f in: i^Tf^-t of HLr-uffviii^ hti runti in^': 
achievement: w/: ^ In.phly h i h .cant ni tlu^ ,0001 levul for evorv 
depondont v;:;iah]e on i mmc^d i.a t p acqinsulon, except: For knowlrd>u' 
of i ntf^rr* lar innnh ' -f^ vhirli wao irlqnificant at: t:\\u A) avel. 
There were two i gn L . Lc:an r s i: ra L i fi ca t: j on X treaLment: interactions 
on imniediate at: cju i s 1 1: j -n fu. rtMioi^iiit luu o\ nta^ iriHLances (p ) 
and undergenera I i zat Ion (pj J)l^H} . On rhe rc!ont:iijn meaHure sLrati^ 
licatif^n on rcuuiin^ a c h Loveiiiont was hi i^hlv h ign 1 f i cant: for recng-^ 
nit ion ot new LnsLanc^OH , ovory^cnera 1 l^nt ion , and undt.-rgener a 1 LiiaL ion 
(2^<,f)0ni), wlUlo knowledge of (iefiniiion waii Hignificant at the 
.0005 level. The ciffect of h t ra t i fy in:- on readiji^ ac h i evemei; ^ \^as 
not ign i f ic a n L on the r e C e n t i f > n L e h t f o ?^ k now! ed ^ e of i n t e r r e 1 a = 
tionf^hipB (£ ^^239), and on tlii:^ dependent variahle thure wan r] s^u 
a significant interaction (p<.Q30) of Btrat If Icat ion with treat- 
ments. One otliar .straL if icat ion X Lreatment: Interaction was sig- 
ni: icant on retention for recognition of new instancu. Cp_^^,058)* 
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On Main Stiuiy If 1 tnint^d i .1 .ic q 1 1 1 h f M on , llw MoyL ri^^IiabLHtv 
estimate fur tliG oi) iin ( u-;' , 1^ 3) wlsioh ro 'i»^d reroonitJnn (^f 
new eKamplea and non-eK/amiO o^: wris vt^ry iilrh ( ,88) . Tho reliability 
of Mie r Ltenir^ wliici^ tiu-;LL?d kii^^wlcd^c . LleriiiiLion wan somewliai: 
lower (.53^5 wliiJe j t oriis loi^LinK knuwj od^itit f n t Grre 1 at lon£dil pH 
(5 trtie--Falsp c| uost: ' hhk anci -\ mi \ l i p\ < ■-■rhnice que^;l:l^ns cantaineci 
in Test 4) were lonnd to bo quito un'-.^falde (.18), 

Recognition of New Insk. rices 

Because of the ainount: f?P infnrmarion cnntaiticd in a concept 
definition, it wn^ o::peceed L ha r wht-a a dof initoinn was provifled there 
would be no fugnificant differences ariion):^ ainditions due to the num- 
ber of po^iitive and negati'u InHtanoes preRcnted. A1J fotir treat-^ 
ment cond^tionB in thiB ^^tud^* were idt?nfirnl to the conditions in 
Main Study I except for toe incluh'nn of a definition (statement of 



EKLC 



I ' 1 : ' ■ i. 



tvt' V* ' lint. * M' 



. ! M ^ 



ERIC 



U I i i it c i J ! L 



i can 1 1 \^ v;c? r^e : ' ^ ni": ■ ^ 

oal Vtil lie o 7 I . ^.-^ j - N 
1 , 2 5 and 3 f i- i i t ■■ ^ 



Mil; HI 1)1 



Mini! u in s 



■ ■ i ■ ' . ! i il ' ' \ i\ I { i oii 

! ^ ^ : i. 1 e bi^r- r »' r 
' ■ ,)! ' ' ' ■ i MiH were n ] so 

■ ■ ^ . '--n I wi L!i the? I n I i 
' Mil? eh t;i ;■ ] i.Rlie' i cr1t"i = 



ora 1 i zaL i.nii l>et-wtM:Mi n'\Ani- \ ' u\ / i ■.i.M^i^ • 1^'.' i' '.incps) anJ 

f'onci i t i^-^n 1 (vM-h b^^th p.-^^:= ;< a:;: i n:-U ;i]ir .-k ) , ^'si 1 iu' 

rukoy procedure witli a - P!iM 1 ' nnonijf-^ ..iror rcue "f ,0S fcir si/ pair- 
wi.Hc^ r oinpar i Hoii H (orif 1 cm 1 wH^tj^ ^ ^, !^ lor Liivn'-Ml uitre .i /qu i-s 1 1 i on , 
and 1.-! }"< . LLMiti<>n), ii w.is deLurPiiru^ ! il-Tt: ( • nilirlni. 2 wa^ nor 
signif ! vantiy dirfcrnnt fr.^.. ..:ad::h.M^ L oii v .^Tk^mu r;i ^ I ;^af . 
Conditionfi 1, 2, and i w^re a L j tound rt^r^iiJ t ^1 k'i i fican r I y 

less ovcirgeneral i za L i.on iiiau t iiu roni ic^i ^r^^n]! (1 f| U l"f*rtMiL frnm 4 
by 1.77; 2 diFferGut Froiii 4 bv . .14; 3 d ( rfc^rciU I rnni ^ by 1.^1), 
but on retencJon only Cuiid i t loii^ 2 and 3 rriHiiltcd Ln h 1 gn i P i ^-^an t L y 
lens overpenc^r 1 11 zat ion tlian ; ...j i:-^nLroI ^^loup CI dlffGrBnt Trom 
4 by 2.13: di Cerent: from 4 hy I . /i i ) . 

Under genera 11 ::aCion 

Since there were no Lreattnent "ondllionB specif ^r:ally desigiied to 
result in the claasif icat i on error o\ under general i i^a tl.Dn , no tiypn- 
thesls wat; made for tliia dtpondtjiiL variable. Tukey f onipar 1 sc?ns among 
the four treatment cnndltinns (simultaneous error ratei of *QS; cr1tl=- 
cal values = 1,24 for immodiate acquiHiton, and 1*36 for retenLlon) 
rtivealed no significant pairwiae differences on immadiata acquisition, 
but on reCention Condition 1 was Found to rasult in significantly more 
undergeneralization than Conditio!) 2 (by 1.38). This pairwise differenc 
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uHing the Tiikin^ ^ : lUl i.i t = t ■ 
(ioiit! i V i on 1 vM , L Mi- r.i I j 

(plflH iNm' ill i t ! ^^Ti ) ^^^;-:MjrLM! 

deFiiiiJ:in= t:hai! CunJ It (ni 
(d L f f i^rt^nr i]\ inuans v/ns J 



Mi-i M iM^^ . i , ariH i woj^i^ fOiind t n 

l i Ov' i ' = i ! ■ O f ■ ! ? 1 ! 11 L L I n D t fui n Co H = 

'Mill I ! h I , 2 , :uu\ 3 wf^ru '^Mormerl 
, i . ; n ii I 'oi I ^ ■ : r J r r^i L i of -05 

M I ar ki m1 * ho HG^n t i ve i n^^ tanc en 
'^VMiD the othor pnirwlse dif- 
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tht? 1 ^ 2 - 3 M Ip^pii t hi/H i , i 'Mild i f i OPS 1 , , aiiM ^ w*.^i'u round lo 
bo s 1 >in 1. r i e nn t 1 V lu'ttvr r; t^fur'lr ■ A oti t re r f t nil Tiien^; 
at the , 05 Itvc:^ 1 ( L . 7 j ) . 

An alLernate cinal.y^ is l>i I. iiu d;!la was perriManed uHing tlie Tiikuy 
procedure with m h iiiiti I. l nnenuH t^rj-in^ rale of ,n3 for t^ix pnirwiRe con 
tracts (critical v/ihuis .HO lai LuiuudiciLv acqu i f L ton , and ,98 for 
re l euL Ion) . I iiimea i a i ^r- .it;ciii 1 h i i f lui Li: wa^n I uund Lhat: ('ondi'iou 

1 was significantly u )rse tlian (inndlLion 2 (dirference of -^1.21)^ 
and that Condi tions :i and i wi,^re s i ):^rn f i cant 1 y better tlian Control 
(differences of I.J7 and .H?. ronijur tivt ] y) . None of the hix pair- 
wine compar iHon:^ i^/as Hignit leant on rpt-r'n on* 

Knowledge of Tnterrel at j onHh i j>H 

It was hypothec, xed tliat on thiR dependent variable ^ Conditions 
I5 2 5 and 3 would not difi:er hI gn i f i can 1 1 y from each other wh 1 1 1 re- 
sulting in h p 1 1 f? r k no w 1 e d o f 1 n r e r r g 1 a t i r ? n k h i p s t han C end 1 1 i on 4 
(Control). On iimnodiatH acquiBit on no BLgniflcant differences were 
found to exist among Conditions 1, 2^ and 3 (F.^ 102^^'^^' ^ "'-10)^ 
but neither were chese three conditions significantly different 
from the control grnu- , Condition 4 Ct=^-l,13, £>.in). On the re- 
tention test tb^- treatments were still not uifferent from each other 
(Fg j^Q2^'267j £>,10) and not different from control ' --.71^ £>.10), 



'iM- = ; r j't^t»qil ■ . v,'iM i Tu' n::ip, M' i son:-- wore inn^li'^ ^'nn: ■ i Hinuil-- 



MA 1 M S'' ■ ':}V I 1 1 

In liiL Miir.l -la i n wAy t - .11%^-;. :^ KiiaMrvinR on ri^adin^ 
,iehi i'Vi^nirnf w/u^ . ^ ■ ^ui 1 ^" M- ^ m t .n is- .nODi fj^r rpr-n^^n i t i ni! Mf 

now i iiMfnr^i OS , n j^. i r r / ^ m i c ovi 1 ; * uvi, in.! - ' < 'lofiniLinn on 

bLtLli i iiinied L/u ' / drqinHLiion Miui r-iaoiuloi), . ra f: i H o n t Ion offectH 
for nvergonera 1 i.;^aL i on and kiun-; ! tMh^^ of intorrolaLi-onKhi.ps wei'c^ 
less hi^?hly h:!i i f ; -an t (jv^.ilO^ nn immodinto acqiiiH 1 1 i on ^ and 
£ < A)0i)2 on rotGrntion). Witi. ih-,' vxcopLl\)n of nowledYoj oi" de = 
flnltion <£ ■■-03^^ and knnuled^o a 1 nt: errola t i oustilpH (£ -^.088), 
Lhoro woro no w 1 ( f lean L s L ra i i [ 1 o a i i on X rrpaLmonL interact lonB 
in -faiai Stajdy III on imm..diato ocqnJHLLion, IIkm^o ^'ero no H i 
nificant: interactions I'i'M^ anv of tlir' thqH?nci (Mil: ^ : ah] c^>^ on the 
retenUion nK^asnro admin is tia^ed t:wo woeks fol Lowing Lttimuaiate ar- 
qui^ 1 1: i Ml , 

ThiH cxperimont wa^ uoHifynod Lc^ invo ' ig^ato rho -rfect^!; of 
dt?riT^itioi and empliaRlH of i^olov^ant attrlho'^es ^Don the five de- 
pendent variables whe^n a f u 1 L >3oL of posltivo and no^ative instances 
(as recommended by Markle and Ticrnann) ; ^ -i. Means for 

each of the dependent variablr-s in the ti - .. .jtudy are given by 
treatment condition and stratif 1 ration leval In immediate acquisition 
and retention Tables (Append i:. u) . 



\) [ ] i i. y OH i ] 1,1- ■ L i ' ' ■ 'I \ ' ^ . < i :: ? • ii^M: M 1 : II W ^ - 

i n I'ei^ t 3) . - i . • f i l i i ? - ■ h m -111!: r mk( t fit' 

knowledge ot d? m Liii i i ini jiiui ! lu' M iMn?3 Li = >4liiu^ knowlL^l^t^ ni iii( r:M = 
relat ionHhlps werf' .ht^ ..unf . )m . l i v«.^ I v , 

Rerngn ! , inn nf Nov; 1 n ^' f ^in^^ ■ 

SLncB Condition w:i^ ru' -no Hi corUTlnii* co;idil1on in tc^rni;? 
of inf ormac lonai conr c^nt, Lf w.jh hvpntiies i ?!ed tdint: Cnnditinn 1 woulrl 
result in significantly i^otttT ror. ngn i i Lou rhrui riundliinn 2, widrh 
would rasul • iii b 1 gn i f 1 1::^ n 1 1 y hettur reco^ni!:inn ihnn Cnnditi(;n i, 
wlilch in {■ rn wonld he ?^1^t'i; iranily lustier vhn-^ Cnudi r imi h CCnn- 
trol). Based 011 n Hulected n\M'.ai! (Of Jj-i (del) of rliG thrcje 
d Irectr ioiK. ! pairwise contra^);: wi Lh ^ = 01 6) . it found rhnt f!nn = 

dition 3 (eKcmpla rs/non=t'xympln rs pJuB cau<;i^]il: derinLtion and om- 
pliayifa of ftaiuvaul: al t*' Lbui } it. alLt^d in l^uttfir rctcognl tion than 
Londition 2 (Bxempiar s/nuni- eKoinp Larh pliiH conct^. l dL^riuit: ion ^ witli-- 
out emphaiii^-) ; evt u thotigh tdie d^ffiar^nce was not L^igniricant at 
the seclected .016 level, nondltlon 3 wan better than Condttion 2 
at £<.025 (t^2,02), CJn the retention measure l:hi^^ saiTie rele3tinn== 
ship was significant at f Via A)" level (t^Z-i^i). On .loth iTranediatt» 
acquisition and retention measnre^^ the dlffei^enceB between Condition 
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2 and Condition .1 CexomplarB/non-exemplars -mlv) worn found rn 
significant, hut not In the predicted direction. Rs in rondition 2 
who rcccavod instances plus definition actually performed worse than 
Ss In r:ondition 1 who received instances only Ct^=-3.40, £ -'.naOS on 
immediate acquisition- t=-2.17, £ <.n75 on retention). On both Im- 
mediate acquisition and retention. Condition 1 rttsulted in Klnnifi- 
cantly hettGr recognition performance than Control (t=4.95, £ --.OOOS 
on imnediate acquisition; ts3.42, £--.0005 on retention). 

An alternate analysis of the data usinp, the Tukey procedure 
with a simultaneous error rate of .05 (critical values =1.38 for 
immediate acquisition, and 1.47 for retention) revealed that on 
immediate acqutaition Conditions 1, 2, and 3 were each found to be 
significantly better than Control (differences of 3.21, 1.39, and 
2.45 respectively). It was also found that Condition 1 (with exem- 
plars/non-exemplers only) resulted in signif icantlv hettar rcroR^ 
nition of new instances than onditlon 2 (with exempl;^rs/non-CKeni= 
plara plus definition). On retention the only contrasts still Bi"= 
nlficant were between Condition 1 and Control, and between Condition 
3 and Control. 



Overgeneraligtion 

No specific hypothesis concerning overgeneralizat ion was made 
for the third main study because all treatment conditions except con- 
trol included the full rational set of positive and negative instances, 
which according to Markl and Tlemann does not result in over, -neral- 
ization errors. Uslns the Tukey procedure with a slniul taneous error 
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rate of ,05 for the six pairwlse contrastH (c^rlticnl value ^ 1,31 
for Immediate acquisition, and 1*59 for ratention) It was found 
that on Immediate acquisition Condition 2 (exemplars/non--eKemplars 
plus definition) resulted in significantly more overgeneralist ion 
than either Condition 3 (difference of 1.98) or Condition 1 (dif^ 
ference of 3.18), Additionally, Condition 1 was found go result in 
aignlf Icantly less overgenerallEatlon than Control (difference of 
2.57) on Iminediate acquisition. On the retention test given four- 
teen days after immediate acquisition, all of the relationships 
described for Immediate acquisition were still significant, and 
Condition 3 was also found to result in significantly less over- 
generalization than Control (difference of 1.61). 

Undergeneralizat Ion 

As with overgenerallzation, no specific hypothesis for this 
dependent variable was made. Tukey pairwise comparisons were per-- 
formed using a simultaneous error race of .05 for the six contrasts 
(critical va3ues = 1*30 for immediate acquisition, and 1,61 for re- 
tention). On Immediate acquisition^ Conditions 1, 2, and 3 were 
each found to result in signlf ieantly less undergenerallzat ion 
than Condition 4, Control (Condition 1 different by 1,66; Con^ 
dition 2 different by 2.81; Condition 3 different by 2.13), On 
retention. Condition 2 was found to result in less undergeneralization 
than Condition 4 (difference of 1.70), and Condition 2 resulted in 
less undergeneralization than Condition 1 (difference of 1*53). None 
of the other pairwise differences was significant. 
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Knowledgo of OeriniLioii 

rt wa.s hypnlliefilzt-d that nonditlon 3 would result Ln sJKni^ 
flcantly better knowledge of concept definition than Condition 2, 
which would be significantly better than Condition 1, which in turn 
would be significantly better than Condition 4 (Control), Only one 
of these three directional pairwise contrasts was found to be slg^ . 
nlficant on immediate acquisition at the selected alpha (a) of .Olfi: 
Condition 1 was significantly better than Control Ct^2*5Sp £ < .001) . 
On retention the same relationship was significant at the .10 level 
(t^l,49). Sb in condition 2 (which included a definition of the 
concept) surprisingly parfomed worse on recognition of concept de- 
finition than Ss in Condition 1 (with only e3ceTnplars/non-^exemplars) , 
For this reason the means for Conditions 1 and 2 were not in the 
predicted direction (t^-.41, 2_>.10 for immediate acquisition; t* 
£ >*10 for retention)* 
An alternate analysis of the data was performed using Tukey 
comparisons (with a simultaneous error rate of ,05 for six pair- 
wise contrasts; critical values ^ ,96 for iiTOediate acquisition^ and 
1*03 for retention) • On immediate acquisition. Conditions 1, 2, and 
3 each resulted in better recognition of the concept definition than 
Control (dif rerences of 1.01, .98, and 1 . 47 respectively) . On re-- 
tention none of the six pairwise contrasts was significants 

Knowledge of Interrelationships 

On knowledge of interrelationships it was hypothesiEed that 
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CondiEion 3 would be significintly better than Condition 2/ which 
would be significantly better than Condition I, which would be 
iignificantly better than Control^ Condition 4. None of the three 
directional pairwlse contrasts was significant on iinediate acqui- 
sition or retention (£>ilO), 

No significant differences were obtained on inmediate acqui- 
sltion or retention when Tukay compariaons were Mde (using a simul- 
taneous error rate of ,05). 
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CONCLUSIONS AND DISCUSSION 



CONCLUSIONS 

Thrae main studies were carried out to determine the effects 
of .certain instructional variables (number of positive and nega- 
tive teaching instances, presentation of a concept definition which 
specified the relevant attributes, and emphasis of the relevant or 
defining attributes) on the attainment of three environmental con- 
cepts at the formal levels 

The findings of the three main studies were in general i 

Main Study I 

Presenting the number of teaching examples and non-exainplas 
recommended by Markle and Tiemann was found to result in signi- 
ficantly better recognition of new instances than presentations 
which did not include non-examples. Removal of negative InfitanceH 
from the lessons caused signiricantl y greater nvMr^^en*^ r;j I ] z/ii Jnn 
Cexactly as demonstrated by Tennysoni 1971). 

Main Study H 

Wh en a definition which specified the def iiilng attributes of 

the concept was presentad^ the number of teaching Instances did not 

significantly affect performance (as found by Frayer, 1970)* At 
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the tiiTiti of retention testing, £s who had read lessons concaining 
a Markle-Tlemann number of exemplars/non-eKeniplars as well as de- 
finition made significantly more errors of undergeneralizatlon 
th/An\Ss who had read lessons which were alike except for the re- 
moval of negative instances. 

Main Study III 

Subjects who received a rational set of exemplars/non-exeni- 
plars plus definition performed less well than subjects who re- 
ceived only exemplars/non-eKemplars or subjects who received 
eKemplars/non^exemplars plus definition and emphasis of relevant 
attributes. In general, presenting a concept definition did not 
facilitate performance, and providing emphasis of relevant at^ 
tributes was effective only as contrasted with a condlton which 
included the Markle-^Tiemann set of exemplars/non-exemplars plus 
concept definition, 

DISCUSSION 
Main Study I 

The purpose of the first main study was to determine the efrentR 
of number of positive and negative instances on the aGqulsiton of 
formal-level environmental concepts in the absence of a definition 
which specified the relevant or defining attributes of the concept. 
One of the dependent variables of interest was recognition of 
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new instances, as measured by the _Ss*s ability to identify unen-^ 
countered instances of the concepc as eKamples or non-^exnmpl or , 
Treadmant Condition 1 included a rational set of both positive and 
negative instances as recomnended by Markle and Thiemann (1969): 
there were four positive instances to cover the range of irrele- 
vant attributes, and three negative Instances (similar to eKeni'- 
plars in irrelevant attributes) to exclude each of the three re- 
levant attributes of the concept to be taught. Condition 2 was 1^ 
dent leal to Condition 1 except for the removal of ^he three nega- 
tive instances, and Condition 3 Included only two ^iosltive instances 
without negative Instances , while Condition 4 was Control, Accord-^ 
Ing to Markle and Tieniann as well as Merrill (1971), both examples 
and non^exampies are important In concept attainment, so Condition 
1 was hypothesized .to constitute the best condition. With the 
exception of the dependent variables under generalization and know- 
ledge of Interrelationships, Condition 1 means across the three 
reading levels were consistently better than the means for the 
other three conditions. Of great importance was the finding that 
on itranedlate acquisition as well as retention the presentation of 
a full set of positive and negative instances resulted in sig- 
nificantly better recognition of new Instances than a presentation 
in which the iiegatlve instances had been removed, just as Markle 
and Tiemann (1969) and Merrill (1971) hypothesized and Tennyson 
(1971) empirically demonstrated. It was found that when naga^ 
tlve Instances were not included in the teaching sequence, the 
different number of positive instances ( four in Condition 2, and 



2 in Condition 3)- did wot aign I ricantl y arfcct rcicognitian of now 
Qxan>ple2s nnd non-eNamples . mile Condition 1 with tho fuil net 
of Instances and non-instances differed r ign if i ran t ly from Control 
on both immediate acquisition and rotcntlon, the other two trentment 

.die ions lacking negative InHtances generally resulted in por- 
formnnce not significantly different from Concrol. For this rtjfi- 
son it would appear that additional positive Instancca above two 
related to the present concepts ia not Important when a complemont 
of negative Instances la not also included. 

An interesting trend in the datfi obtained for recognition of 
new instances on both immediate acquisition and retention was the 
ordering of Condition 3 (with only two noaitlve instances and no 
negatives) better than Condition 2 (with the full Markle-Tiemann 
number of positives and no negatives). Since the full rational Ret 
consisted of four positive instances, it was hypothesized that Con- 
dition 2 wich the full Markle-Tiemann number of positives would 
result in -.Ignlf icanti/ better recognition of new Instances than 
Condition 3 with only two positives, or lialf the Mark] e-Tioniann 
number, obtained scores on this variable for the two conditions, 
however, were not In the predlcced direction. Although the dif^ 
ference in means was statisticfllly signlf leant only on limnediate ac- 
quisltion (£ <.05), the poor performance of Condition 2 Ss .seems to 
demonstrate that unless positive instances are complemented with 
negative instances Cas recommendgd by Markle and Tlemann) , an In- 
crease in the number of Instances only increaseR the Informational 
load without strengthening. discrlminati&a, resulting in confusion 
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on the part of the .^tiident* This is also suggesced by the fnct 
that Bs who received the Markle-Tlemann set oF positive InBtnncoR 
without negatlveR actually overgeneraliEed more than any othpr trcvit 
ment group. Including Control, 

Another Important aspect of the data analysis was the pattern 
of classification errors which emerged. Markle and Tiemann postu- 
late that failure to provide an adequate set of negative instances 
will reeult in errors of overgeneralization ^ in which £ does not 
properly discriminate many of the unencountered non-examples from 
examples. In the present study it was prcjciesly this error of 
overgenerallzation which occurred when negative eKamples were re- 
moved: Condition 2, which was Identical to Condition 1 except for 
the removal of negative Instances ^ resulted in significantly more 
overganeraligatlon <£ <,05) on Immediate acquisition as well as 
retention (administered 16 days later). Additionally, undergeneral- 
Ization was not found to be significantly different between Condi-- 
tions 1 and 2, which Indicates that removal of the negative Instances 
led specifically to overgenerallzation and not random responding 
in general. The rinding in the present study that removal of nega- 
tive instances resulted in significantly poorer recognition of new 
instances and significantly more overgeneralizat ion errors is in 
agreement with the findings of Tennyson (1971). Evidently non^ 
examples facilitate concept learning performance by causing stu- 
dents to focus on the relevant attributes of the concept, as Tenny- 
son auggested. 
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On imniedinte acqulsl t ion , it v;.ts d i hic ovcrcd that present: ina 
the full set of posiciva and negative InnnnccH {Condition 1) re- 
sulted in significantly more inKlc?rPc>nernli ?;a t inn thnn preRpntlnR 
Just two pcHiCivp iriKinnceH (ConJiLion 2) nnd tlniv i\\q control 
group CCondltlon 4) also rcsnl tnd in ninrr' prrorM iindc'rgcanHra I 1 - 
zation than Condition 2. No flipnirLcant nairwiHe diPFere^nces wore 
detected at the cimG of retention tCHtinH, howevor. i'he f nc t tliat 
undergenerallgatlon was higher for Condition ! (with the Markle- 
Tiemann number of positive anc! noRativa InHtanccs) than for any 
other condition except Control in not really unreaRonahlp , In view 
of what Merrill and Tennyson liave written, Tiiev postulate tiiat 
the more information presented, ciie mnre conservativo the responHes: 
Ss are more willing to reject a true instance than accept a falpe 
one (or more Inclined to under?|enera] if^e sliplitly than to overgener- 
alize). The results of this Htudy provide aabstantlal empirical K.ip- 
port fo-r the findlnga of tennyson (1971) concerning the value of 
negative instances as well as for the theoretical f ormiilations of 
Markle and Tiemann concerning the role of eKamples and non-examples 
in teaching concepts effectively. 

In the first Tnaln study no significant effects were found for 
treatment conditions on either of the two remaining dependent mea- 
sures, knowledge of concept definition or knowledge of interrela- 
tionships. This lack of fiignlficanee may have been partly due to 
the difficult nature of the concepts themselves and to the fairly 
large number of relevant and irrelevant attributes associated with 
each of the three environmental concepts (population, habitat . and 
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and community ) . The low reliability of the test iCams (.20 for 
knowledge of definition and .46 for knowledge Incerrelationshlps) 
was probably a critical factor which influenced re.'Jults on the de- 
pendent measures deallns with definition and relationships among 
concepts , 

Main Study II 

The second main study was essentially a replication of Main 
Study 1 with tha addition of a concept definition Cwhich speci- 
fied the defining attributes) to treatment conditions 1, 2, and 3. 
The purpose of the study was laroely to find out whether the mlni=- 
mum number of teaching examples and non-exaniples presented might 
be reduced when a concept definition is provided. Intuitively, 
the additional information which a definition supplies concerning 
relevant attributes of the concept should encourage the student 
to focus upon the relevant attributes, thus reduclns the demands 
for other Information-providing variables, specifically the number 
of positive and negative Instances. 

It was found that on immediate acquisition, recognition of new 
concept instances for Conditions 1, 2, and 3 was significantly bet- 
ter than Control <.001), but the three treatment conditions were 
not significantly different from each other >.10). For this 
reason, defining a concept by specifying its relevant attributes 
may actually decrease the number of positive and negative Instances 
required. On retention, only Condition 2 (with the Mark] e-Tlemann 
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set of positives, no negatives) and rondifrion '3 (t;wn pnsitLveH, no 
negatives) were Found to be slgni fM pantl y bettor on recognitton of 
new concept instances thnn Cnntro; . Porformancfi on this dependtHit 
variable was surprlHlnRly better on rercnrinn (p^ •',05) for Cnndition 
2, without negative instanceK. than For Condition I v/hlch included 
the Harkle-Tiemann number oF negfitlvQ as well as poHitivc instances. 
At first glance, chl« Jong-term erfoct SQcmp rntlier inconsistent ' 
with the predictions of Markle and Tiemann, who main tain f.^t ne- 
gative instances liave a decided Faciiitative pffc-ct on concerit nv~ 
taintnent. A closer look at tlie patrern of errois, howeve;-, reveals 
that Ss receiving the full set of exaniples nnd non-fixamples also 
undergenerallzed signif Icnntly more tlian Ss who did not receive non- 
examples. The finding that the presGntatxon of a rational sec of 
positive Instances alone resulted in better recosnltion than the 
presentation of a rational set oF both poRitive and negative In- 
stances may actually he a function of the amount of information 
which was aupplied during instruction. As pointed out In the dis- 
cussion of flain Study T, Merrill nntt Tennyson have found that the 
more information presented, the more cautious the responses tend 
to be, or the more reluctant the Ss, are to identify low-probablllty 
examples. In terms of patterns of claasif ication errors, an overly 
cautious pattern of responses is kno\m as undergeneralizatlon, and 
it was precisely this tendency to undergenerallze which resulted 
in worse performance by Condition 1 S^s than Condition 2 Ss (who 
received less information) on lonf|-cerm recoinitlon of new con- 
cept Instances. 



ERIC 



97 



A complete analysis of: the pattern of errorR made in Main 
Study II showed that on immediate acquisition Condition 1 (with 
the full Markle-TJernann set of positive and negative instances 
plus definition) resulted in significantly more ' undergenGra 1 Izac ion 
. than Condition 3 (with only two positive instances plus definition), 
• and that Condition 4 (Control) resulted in significantly more errors 
of undergeneralization than Condition 3. Only the relationship 
between Conditions 1 and 3 was still significant on retention, 
in addition to the significantly greater undergenerali^.ation for 
Condition 1 as contrasted with Condition 2 which was discussed in 
the previous paragraph. 

The pattern of overgenerallEation errors was somewhat more 
consistent across inmediate acquisition, with Control resulting In 
slgniflcnntly more overgenerallzatlon than any of the other three ' 
treatmenc conditions. A most interestlnB finding was that removal 
of negative instances (Condi clon 2) did not lead to more overRener^ 
allzatlon than presentation of the full Markie-Tlemann set of posi- 
tive and negative instances (Condition 1). According to Markle 
and Tiemann, of course, the removal of negative instances should 
result in greater overgenerallzatlon because the student fails to 
discrlinlnace properly if he has not encountered a minimum of non^ 
examples during instruction. Tennysoti (1971) proposed that nega^^ 
tlve instances cause the student to focus on the relevant; or de- 
fining attributes of the concept, and in his study the; - removal of 
negative instances caused significantly more overgeneraliiiatlon 
aven when a definition of the concept adverb was included in all 
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treacments except control. Based on results of the present study, 
there Is evidence that the learning of three particular environment^ 
tal concepts may be different when a definition of the concept is 
provided than when the definition Is omitted. In the case where 
negative Instances were not included in the teaching sequence, pre- 
senting a definition seemed to compensate for the lack of non^exam^ 
plea. Since a definition states the defining or relevant attributes 
of the concept it may be that when the concepts to be taiight nre 
somewhat dlfficulCs merely presenting positive Inscances along with 
Che concept definition is as effective as presenting the full Ret 
of positive and negative instances without definition. 

Tennyson found significant differences among treatments even 
when a definition of the concept was included. There is evidence 
that one reason for the unusual results obtained in the present 
study may be the difficulty level of the Instances which were used 
for teaching and for testing. While Tennyson uBed a range of in- 
stances during Instruction, the present study presented teaching 
examples and non-eKamples which were nearly equivalent in terms of 
difficulty (approKlmateiy at the .70 probability level). From an 
eKamination of those items which were missed by students in Main 
Study II who overgeneraliged or undergenerallaed significantly, it 
was found that the Itema most generally mlsclasslf led were low- 
probability items (ranging from probabilities of ,23 to .57). Per-- 
formance on the dependent nieasures (which included a range of In- 
stances) might have been somewhat different if the full range of 
examples and noii-eKamples had been presented in the lessons. 
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For the dependent variable knowledge of da fi nit ion on inimodinto 
acquisition it was found that Condition 1 (wlio received both 
positive and negative instances plus definition) actually perfornied 
worsa (£ <.05) th.in Condition 2 Sb (who received only positive in^ 
stances plus definition). This may have been a result of the amount 
of Information presented, and the group receiving the definition 
plus positive as well as negative Instances could have been more 
confused by the great amount of information than the group receiving 
less Infurmation, On Inmedlate acquisition there was also slgnlfi-^ 
cantly better knowledge of definition for Condition/2 (Markle^Tiemann 
positives plus definition) and for Condition 3 (two positives plus 
definition) than for Control. There were no significant differences 
obtained for any palrwlse compariBons on the retention measure ad- 
ministered eleven days following immediate acquisition. The rell-^ 
ability of the six items which tested knowledge of definition was 
not as high as the reliability of items measuring recognition of 
new instances (*53 and .88 respectively) yet it was sufficiently 
high to be acceptable * 

No significant differences were obtained for knowledge of in- 
terrelationships on either iTranedlate acquisition or retention. As 
in Main Study I, this was probably due to the extremely low reli- 
ability of test items which were designed to measure knowledge of 
interrelationships among concepts (for Main Study II the Hoyt reli- 
ability estimate was *18 for the nine Items testing knowledge of 
interreiatlonshlps) • 
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It should be noted that in Main Study XT on both iniiinediat© 
acquisition and retention there was a very extreme spread between 
the scores obtained by high reading achievement Sb and low reading 
achievement Ss. Tables in AppendiK G show that on nearly every da- 
pendent variable the low stratification subjects perforTned poorly. 
Thus the importance of reading and vocabulary on perforinance Is 
clearly demonstrated* 

Main Study III 

The third tnain study focused on the effects of preaenting 
the Markle-TleTnann set of positive and= negative Instances as con-- 
trasted with presenting a Markle-Tiemann number of Instances with 
concept definition, and with a concept definition plus emphasis of 
the relevant (defining) attributes. 

On inimediate acquisition as well as retention there was a 
significant difference between Condition 3 (which presented exem-- 
plars/non-exemplars as well as definition and emphasis of rele^ 
vant attributes of the concepts population ^ habitat , and coiignu- 
^i-^y significantly facilitated the learning of these three envi- 
ronmantal concepts (^ <*025 on immediate acquisitlon| p. *^»01 on 
retention) • The condition which included instances plus definition 
and emphasis was not found to be slgnif icantly different from the con 
ditlon which included only the rational sat of examples and non-eKam- 
pies (Conditldn 1), however. On immediate acquisition, children in 
each of Conditions 1, 2, and 3 performed significantly better than 
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Control on recognition of new Instances ^ and while Condition 2 Ss 
did not differ significantly from Control on retention, the children 
in Condition 1 who raueived the ratlonai set of instances and in 
Condition 3 who received the^ rational set of instances plus defini-' 
tion and emph^*sis were still found to perform better <£ <.05) than 
the control group on the retention measure given 14 days after im-^ 
mediate acquisition , 

Quite unexpectedly^ the condition which included only the 
rational set of examples and non^examples (Condition 1) was found 
to result in better recognition of new instances than the condi- 
tion which included the eKamples and non-examples as well as a con- 
cept definition (Condition 2). This was true on immediate acqui- 
sition <.O005) as well as retention (^ <,025)* A close look at 
the classification errors revealed that the poor performance of 
Condition 2 S^s was obviously due to a greater incidence of over- 
generalization. As shown in Appendix G, i^tudents in Conditldn 
2 who received exemplars/non'-eKemplars plus definition made more 
overgenerallzation errors than any other treatment group, including 
Control* Since undergenerallzatlon was not also greater , the in- 
ferior recognition of new concept instances must be solely attri- 
butable to failure to discriminate new non-eKamples from examples. 
This finding is not consistent with Main Study IT in which the 
presentation of a Markle-Tiemann set of positive and negative in-- 
stances plus definition resulted in correct classification rather 
than overgenerallzation. Neither is this finding consistent with 
the recommendations of Markle and Tiemann,^It is quite posglble that 
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the content or wording of the definitions themselves may have con- 
fused the students in Conditioil 2, wheraas students in Condition 1 
did not receive tha definitloti and students in Condition 3 received 
clarification of the relevant aetributes (eniphasla) In a forniat 
which provided immediate feedback to correct false asaumptlono . 
Although it is difficult to determine why Condition 2 Ss may have 
been confused, some aspect of the definition must have complicated 
recognition of new concept instances, because even students in the 
control group who presumably responded on a random basis made fewer 
overgeneralization errors than students who recaived the exemplars/ 
non-exemplars plus daflnltion. 

Aside from the finding that Condition 2 resulted in signifi- 
cantly more overgeneralization than Condition 1, it was found that 
Sb In Condition 1 (who received only the ratloTiai set of examples 
and non-examples) made significantly fewer overgeneralization errors 
than the Control S^s on both immediate acquisition and retention. 
Presenting exemplr.rs /non-exemplar a with definition and emphasis 
of relevant attributes (Condition 3) resulted in fewer errors of 
overgenerailzation than presenting exemplars/non-exemplars with 
definition in the absence of emphasis (Condition 2) on both imrae- 
diate acquisition and retention <.05). Additionally, Condition 
3 was found to result in significantly less overgeneralization than 
Control on the retention measure. 

Analysis of the patterns of classification" errnrs also rcvf-n ) f tI 
Chat Sfi in Conditions 1, 2, and 3 undergenGralizcid less than tlifi 
control subjects on Immediate acquisition, but on retention tho only 
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difference which was otill significant existed between Condition 
2 and Control. Subjects who received only exemplare/non-exemplars 
were also found to make fewer errors of undergeneralization than 
subjects who were apparently confused by the presentation of exem- 
plars/non-exemplars plus concept definition. 

Generally, einphasis of relevant attributes was found to be 
a facilitative technique only In contrast to Condition 2 in which 
Ss were possibly confused and performed very poorly. Because the 
significant palrwise differences between Condition 2 and other 
conditions may have been due to weaknesses in the experimental 
treatments, only limited conclusions should be drawn. The spe- 
cific definitions of environmental concepts used in this study were 
not found to facilitate concept learnlna performance on either Im- 
mediate acquisition or retention. 

The only significant differences found for knowledge of defi- 
nition were on immediate acquisitions Conditions 1, 2, and 3 each 
resulted in better performance than Control. Another indication of 
the possible confusion eKhlblted by S_s who received exemplars/non- 
exemplars plus definition was the fact that Condition 1 (which In- 
eluded only exemplar s/non-exemplars) actually resulted in slightly 
better recognition of definition than Condition 2 which clearly 
specif Ifid the concept definition. (A Hoyt reliability of .66 was 
obtained for items testing knowledge of definition In Main Study III.) 

Performance on the remaining dependent variable, knowledge of 
Interrelationships, was not found to be significantly different for 
any pairwise comparisons between treatments. ' Possible weaknesses In 
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in thQ inscruinanc (item reliability of ,54) as wolT an dlfficMiiiy 
of the concepts and complexity of the Interr^l at I onsln ps Invnlvcnl 

were probably factors which Influenced performance on this parti-^ 

cular variable- 

Limitations of the Studies 

It must be pointed out that the specific concepts which were 
chosen for the present research are critical factors which neces-^ 
sarlly litnlt the generallzability of results. Wlierever concept de- 
finition was studied as a dependent variable, the particular con-- 
cept definition as stated in the lesson booklets was also a maior 
determinant of the final experimental Qutcomes. ^ Associated with 
each of the three environmental concepts population, habitat , and 
community were approximacely 3 relevant attributes and 4 irrelevant 
attributes. If other concepts of different levels of difficulty 
and different numbers of relevant and irrelevant attributes had 
been chosen^ the results of the present study might have been quite 
different. It Is important to reiterate that the number of rele-- 
vant and irrelevant attributes of a concept (a) detertnines the num- 
ber of positive and negative Instances used in teaching, (b) affects 
the length and amount of information in the definition , and (c) regu 
lates the frequency of emphasis during instruction. In turn, the 
number of relevant and irrelevant attributes influences the results 
obtained when number of instances, definition, and emphasis arc the 
independent variables under investigation. It 1b likely that the 
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difficulty of the teaching and testing instances and emphasiB of " 
irrslivint as well as rslavant attributes might also be important 
Indeptndent variables In concept attfllnmentj although the present 
study was not designed to test either of these. 

The degree to which the actual exptrimentil meterials In- 
fluenced results must also he conslderedi Hoyt reliability estl- 
mates for the itims testing recognition of new instances were quite 
high for all three studies (Jl, ,88, and M respectively), but 
items measuring knowledge of definition and knowledge of inter- 
relationships were much less reliable. 

In summary J based on results of the present study it seenis 
that complexity of the concept to be taught and the numbtr of re- 
levant and irrelevant attributes of the concept have a powerful 
influence upon concept attainment , especially when the concepts are 
drawn from typical school subject-mat ters. 
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APPENDIX A 
GENERAL INSTRUCTIONS TO STUDENTS 
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Instruccions to Students 



Good afternoon. 

i^iy name is . I am working with some people at the Univer- 

sity of Wisconsin in MadiBon. We're very interested in finding better ways 
to help children learn about science. Today you will be able to help us by 
answering some questions. You will be taking a short test, but there is no 
reason to worry about tiie test- just do your best, and you will help us to 
make learning about science easier for other boys and girls. 

I am going to hand out the booklets now. Please don't open your book- 
let until I tell you to do ao. [Distribute booklets.] 

Now write your name, and the name of your teacher on the cover, and fill 
In today's date. [write the date on the blackboard] Now turn to the next 
page where it says Word List. ■ These are some of the words which you may 
find in the questions you are going to answer. Because some of them are a 
little unusual, let's take just a minute to go over them. Do you see the 
^^^^ ___ ? Wiat number is it ? [Good.'] Let's pronounce It together. 
mat about the word _____ ? Do you see It listed here ? [Continue untiJ 
all of the words have been pronounced, and their numbers indicated.] There 
may be other words in the questions which look new to you, but don't be a- 
fraid to raise your hand if you need help. I will come around and pronounce 
any words which are giving you trouble. 

Let's turn to the next page now. This is just for practice [the Sample, 
Page] but the rest of the test looks like this, so it is Important to learn 
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how to mark your answers. [Read through the instructions, and allow the 
children to mark sample items, then show on the blackboard liow their answers 
should look* ] 

Unless anyone has a question for me to answer now, I think that you arc 
rfiady to start on the test. Any questions ? 

Wien you finish ^ jrst keep your booklets and work quietly on something 
else until everyone is through. O.K*^ you may turn the page and begin. 
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SUt^Y TABLES FOR UNIVMIATE ANALYSES OF VARIANCE 
PERFORMD ON THE FIVE DEPENDENT VARIABLES IN MIN 

STUDIES 1, 11^ AND III 
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Main Study I 
Imrnediate Acquisition 





Variable 


Source 


df 


MS 


1 

P 


n ' 
H 


Recogni tlon 


! Reading Level 


2 


43,74 


11.60 


.0001 


of New Concept 

_ r 


Treatment 


3 


19 ,69 


5 22 


on? 

m \J\J ^ 


Instances 


Interaction (R x T) 


6 


1.55 


.41 


.871 




Error (Within cells) 


85 


3.77 






— =- 


Total 


96 








Overgeneral- 


Reading Level 


2 


16,42 


3.65 


.030 


izatlon 


TreatTnant 


3 


26*88 


5 . 98 


. 001 




Interaction (R x T) 


6 


1.65 


.37 


.898 




Error (Within cells) 


85 


4,49 








Total 


96 








Undergeneral^ 


Reading Level 


2 


32.16 


8.57 


.0004 


Ization 


Treatment 


3 


21.56 


5 . 82 


* y w =L 




Interaction (R x T) 


6 


2.69 


.72 


.631 




Error (Within cells) 


85 


3. 71 








Total 


96 








Knowledge of 


Residing Level 


. 2 


28.15 


15.09 


.0001 


Definition 


Treatment 


3 


1*75 


.94 


.426 




Interaction (R x T) 


6 


.39 


.21 


.973 1 




Error (Within cells) 


85 


1,87 




1 


! 
i 


Total 


96 






i 

j 


Knowledge of 


Reading Level 


2 


29.24 


11.64 


.0001 


Interrelation- 


Treatment 


3 


.19 


.08 


.973 


ships 


Interaction (R x T) 


6 


1.72 


.69 


.662 




Error (Within cells) 


85 


2,51 








Total 


96 
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Main Study I 
Retention 





1 














Variable 


Source 


df 


MS 


F 






Recognition 


Reading Level 


2 


49.92 


9.78 


.0002 




of New Concept 


Treatment 


3 


9.97 


1.95 


.127 




' Inatances 


Interaction (R x T) 
Error (Within cells) 

Total 


6 

Q K 

y D 


2.14 
5 . 10 


,42 


,865 




Overgeneral-- 
ization 


Reading Level 
Treatment 

Interaction (R x T) 
Error (Within cells) 


3 
6 
85 


21.62 
16.30 
2.97 
5.80 


3. 73 
2.81 
.51 


.028 
.044 

. 797 






Total 


96 










Under general^ 


Reading Level 


2 


23.62 




. U J= J» 




igatlon 


Treatment 


3 


7.66 


1.56 


.206 






Interaction (R x T) 


6 


1.92 


.39 


.883 






Error (Within cells) 


85 


4.91 










Total 


96 










Knowledge of 


Reading Level 


2 


22.30 


9.94 


.0002 




Definition 


Treatment 


3 


.97 


.43 


.729 




Interactldn (R x T) 


6 


1.07 


.48 


.823 




Error fWi thTn rpll^^ 




9 OA 






i 




Total 


96 






i 




Knowledge of 


Reading Level 


2 


18.34 


9,07 


.0003 




Interrelation- 


Treatment 


3 


1.36 


.67 


.572 




ships 


Interaction (R x T) 
Error (Within cells) 

Total 


6 
85 

96 


1.29 
2.02 


.64 


.701 
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Immediate Acquisition 















Variable 


Source 


df 


MS 


F 


. 1 


Recognition 
of New Concept 
Instances 


Reading Level 
Treatment 

Interaction (R x T) 
£ii.A.uL ^witnin ceiXs 

Total 


2 
3 
6 

) 102 
113 


120.68 
28.62 
7.13 
3.46 


34.91 
8.28 
2.06 


— — _ — _j 
j 

.0001 i 

.0001 

.064 


Overgenaral= 
i^ation 


Reading Level 
Treatment 

Interaction (R x T) 
Error fOTt^hln r^slleN 

Total 


2 
3 
6 

102 
113 


74.79 
24.35 
5.43 
3.65 


20.51 
6.68 
1.49 


.0001 
.0004 
.190 


Undergejeral-- 
Izatlon 


Reading Level 
Treatment 

Interaction (R x T) 
Error flJi*fli^Ti n&iieS 

Total 


2 
3 
6 

102 
113 


43.23 
9.76 
6.99 
3,16 


13.59 
3.09 
2.21 


nnm 
. 031 

.048 ' 


Knowledge of 
Definition 


Reading Level 
Treatment 

Intaractlon (R x T) 
Error (Within cells) 


2 
3 
6 

102 


34.62 
10.57 
1.09 
1.54 


22.53 
6.88 
.71 


,0001 
.0003 
.644 




Total 


113 








Knowledge of 

Interrelation- 

shlpe 


Reading Level 
Treatment 

Interaction (R x T) 
Error (Within cells) 

Total 


2 
3 
6 

102 
LI 3 


5.47 
1.99 

1.65 
1.63 


3.35 
1.22 
1.01 


.039 
.306 
.421 
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Main Study II 
Retention 









Source 


df 


MS 


F 




Recognition 


Reading Level 


2 


137.11 


41.91 


.0001 


of New Concept 


Treatment 


3 


25.24 


7.72 


.0002 


Instancas 


Interaction (R x T) 


6 


6.91 


2.11 


.058 




' Error (Within cells) 


102 


3.27 








Total 


113 








Overgeneral* 


Reading Level 


= 

2 


81.76 


19.78 


.0001 


lEation 


Treatment 


3 


21.49 


5.20 


.002 




Interaction (R x T) 


6 


4.97 


1.20 


.311 




Error (Within celli) 


102 


4.13 








Total 

^ — . - _ 


113 








Undergeneral- 


Reading Level 


2 


59.96 


17.42 


.0001 


ization 


Treatment 


3 


11.10 


3.22 


.026 




Interaction (R x T) 


6 


5.90 


,1.?1 


.125 




Error (Within cells) 


102 


3.44 






— — ^. — — _ 


Total 

— ^ — - — — - 


113 








Knowledge of 


Reading Level 


2 


16 . 54 


8.28 


.0005 


Definition 


Treatment 


3 


B.97 


3.49 


.018 




"T *^ t= « ^ :A / D T* ^ 

jLHteraccion {^K x i) 


b 


3 , 61 


1.81 


.110 




Error (Within cells) 


102 


2,00 








Total 


113 








Knowledge of 


Reading Level 


2 


3.83 


1.45 


.239 


interrelation'- 


Treatment 


3 


.92 


.35 


.789 


ships 


Interaction (R x T) 


6 


6.47 


2.45 


.030 




Error (Within cells) 


102 


2.64 








Total 


113 




.^^L 
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Main Study III 
Immediate Acquisition 











f 










Variable 


Source 


1 df 

— ^_ — . 


MS 








Recognition 


Reading Level 


i 

i 

1 2 


63.54 


18 . 00 


.0001 . 




of Naw Concept 


Treatinent 


! T 


4/ . 11 


13.34 


.0001 




Instances 


Interaction (R x T) 


! 6 


5.88 


1.67 


.139 






Error CWlthin cells) 














Total 












Ovargeneral' 


Reading Level 


2 


26,58 


6.14 


.003 




Izatlon 


Treatment 


J 


48. 49 


11 . 20 


.0001 






Interaction (K k T) 


6 


4.91 


1.13 


.349 






Error (Within cells) 


on 


^ * J J 








Total 


JLUX 










Under general- 


Reading Level 


2 


46.34 


14.81 


.0001 




ization 


Treatment 


3 












Interaction (R x T) 


6 


3.07 


.98 


.442 






Error (Within cells) 


90 










. _ _ . 


Total 


101 




i 

i 






Knowledge of 


Reading Level 


2 


32.75 


1 

i 

17.05 


.0001 




Definition 


Treatment 


3 


9.74 


5.07 


.003 






Interaction (R k T) 


6 


4.12 


2.14 


.056 






Error (Within cells) 


to 


1.92 










Total 


101 




I 

! 






Knowledge of 


Reading Level 




22.47 


7.37 


.001 




Interrelation-- 


Treatment 


3 


.59 


.19 


.901 




shipa 


Interaction (R x T) 


6 


5.81 


1.91 


.088 






Error (Within cells) 


90 


3,05 










Total 
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Main Study III 
Retention 







Variable 


Source 


df 


MS 


F 




'Recognition 
of New Concept 
Instances 


Reading Level 
Treatment 

Interaction (R x T) 
Error (Within cells) 

Total 


2 
3 

6 
90 

101 


89.02 
22 54 
4.05 
3.99 


22.32 

^ ft R 

1.02 


.0001 

* UUl 

.420 

1 

1 

i 


Overgeneral= 
ization 


Reading Level 
Treatment 

Interaction (R x T) 
Error (Within cells) 

Total 


2 
3 
6 
90 

101 


44.54 
38.35 
3.95 
4.68 


9.51 
RIO 

.84 


- — ■ — - 1 

! 

.0002 

nnni 
« UUul 

.541 


Undergeneral-- 
l^atlon 


Reading Level 
Treatment 

Interaction (R x T) 
Error (Within cella) 

Total 


2 
3 
6 
90 

101 


52.74 
17,28 
4.10 
4,78 


11.04 
3 62 
.86 


.0001 
,529 

i 
1 


Knowledge of 
Definition 


Reading Level 
Treatment 

interaction (R x T) 
Error (Within cells) 

Total 


2 
3 
6 
90 

101 


44.72 
1.95 
3.39 
2.05 


21.85 
.95 
1.56 


.0001 

.419 

.141 


Knowledge of 
Interrelation- 
ships 


Reading Level 
Treatment 

Interaction (R x T) 
Error (Within cells) 

Total ] 

- 


2 
3 
6 
90 

.01 


20.44 
.45 
2.29 
2.05 


9.95 
.22 
1.12 


.0002 

.883 

.359 



APPENDIX G 

MEMS FOR DEPENDENT VARIABLES BY TREATMNTS AND PREVIOUS 
READiNG ACHIEVEMENT LEVELS ON IMffiDIATE ACQUISITION 
md RETENTION FOR STUDIES 1^ II ^ AND III ■ 
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Main Study I, Immediate Acquisition • Means* for Dependent 
Variables by treatments (three combinations of instances) 
and Previous Reading Achievement Levels 



Depen- 
dent 

Variable 



Recogni- 
tion of 
New In- 

atances 

3.77) 



Prflvious 
Achi^veinont 



Overgen- 

eraliza- 

tion 

CMSE= 

4.50) 



Undergen- 

erallza- 

tlon 

(MSE= 

3.71) 



Hlr.h (N«30) 
Lov; (I.-»32) 



Treat 



t Condition 



1 CN^2i+) 

MT**po8itives 
MT negatives 



2.63 
.73. 
- .32 

1.01 



Wedium (K^^J 
Low (2J=32) 



Knowledge 
of Def- 
inition 
(MSB* 
1.87) 



Knowledge 
of Inter- 
relation- 
ships 
(MSE« 
2.51) 



High (Nb30) 
I'kJdiu'n (K--35) 
Low it;--3Z) 

Anrouf, P^adLnc^ 

Levoi (my?) 



-2.80 
-1.07 
- .63 

-1.52 



Hieh (J^30) 
Medium (K=33) 
Low (.Ks32) 

Across Haadiiig 



1.50 
M 



High (1^30) 
j-Iedimn (^:=35) 
U-^' (1^32) 

level (m97) 



1.50 
.36 
. .74 

.37 



.6.63 
6.00 
5.2.5 

5.96 



2 <N=24) 

MT pqsitivi 
only 



,36 
- .56 
«1.51 



" .60 



l,il 

1*36 

1.02 



- .52 
1.03 

- .30 



1.05 
.20 
4 . 06 

.03 



6.66 
6M 

6.04 



3 Cn^26) 

two pos it tvea 
onlv 



3 

.07 
- .02 

.48 



- .71 
.75 
,67 

.27 



-1,50 
-1.04 
- .70 

-1 , 06 



.34 

- .07 
-1.02 

- .27 



6.50 
7.00 
4.33 

5.93 



ERIC 



*Means for the first four dependent variables are given as 
**aJd """" °* r.com-end.d by HarUe 



4 (N=23) 
Control 



.63 

- .99 

-2.54 

- .97 



- ,19 

- .18 
1,11 

.21 



- .75 
1.81 
1.96 

1.07 



.68 
.11 
-1.19 

- .11 



6.00 

6.44 
5.00 

5.87 
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Mam Study I, Recention: Means* for Dependent Variables 
by Treatments (three comb ina Lions of instances) and 
Previoua Reading Aehievement Levels 



Dependent 

Variable 



Rcergnltlon 
of Kew 
InjjtsriQos 



Previous 

Reading 
Achieve- 
ment 
Level 



1 CN=24) 
MT** posi- 
tives 
Mrnegatlvea 



Treatment Condition 



2 Cn«24) 



High CrN30) 

Low (1^32) 




^ ^ Level CiN97) 



CworjTanoral- 
izatlon 



High imjO) 
I'Mdixm (i;*35) 
Low (m3Z) 

Lovel (mw) 



IfridQi'genaral- 



Knowledge 

of DefinLtlon 



mdixm (N="35) 
Low (Ns32) 

borons Reading 
Level (m97) 



Knowledgo of 
Bitei'i'elation- 



HiRh im30) 
I.'jed.1,uin (>J=35) 
Low (N«32) 

heroes Reading 



Level (i^97) 



Low (J^32) 
/ore as fading 



.90 



-2,28 
- .28 
-3 .01 



.26 
1.2^ 

.02 



- .50 

- .27 

.12 ; 



7.13 
6,25 
6.13 

6.50 



MT posi- 
t lves only 



-^,57 
- .62 



3 Cn=26) 

I positives 
only 



- .31 
.10 



.07 
i.ii 
1.75 

1 .ny 



-1.06 

.02 
.31 

- .20 



- .52 
i.05 

- .01 

.20 



-1.00 

- .9^ 
.31 

- .53 



.72 
.30 
- .70 

.OR 



.68 

- .33 
-1.15 

- .30 



7.29 
6.67 
5.88 

0.5& 



7.25 
5.11 
6.23 



4 (N-23) 
Control 



1.15 
- .32 
-2.05 



-1.21 

- ,53 
1.08 



- .31 

1.32 
1.17 

.78 



1 .09 
.26 
-3 ,03 

.12 



6.43 
6.67 
5.00 

6.09 



ERIC 



*Means for the first foul- dependent variables are given as com-' ~ 
bmad Z-scores; meanj for lU.. last depend*nt variable aro given 
as raw scores. 

**Refere to the number uf instances recommended by Markle and Tiemann 



Main Study 11, Immadiate Acquisitions Means* for Dependent 
Variables by Treatments (three combinations of instances plus 
concept definition) and Previous Reading Achieveiiient Levels 



Dependent 
Variable 



Previous 
Ufeading 
Avhievement 
Love! 



Raeognitlon 
of !Jqw 



High (INK)) 
Low (N=36) 



1 CN-30) 2 CN-28) 
MT^^positives' MT posi- 
MT negatives 
& definition 



i^f.t ion 



CHSB^3.16) 



KnoKledg© 

of Definition 



Knoi'ledgQ of 
Intorrolation- 
ships 



Hieh (fMO) 
Low (1^36) 

Laval 

Low (1^36) 

Aci*oss Jteadlng 
Levcil (j:^li4) 



(MS^l.63) 



High (K-40) 
JJedium (1^38) 
Lew (>]^36) 

Levol 

High (l^^O) 
Wediuin (1.^38) 
Low (1^36) 

Across Hfiading 
Levol (1^114)^ 



2,15 
- ,01 



-2.25 
-1.04 
2,07 



f . ^ 



- .85 
.17 
1.86 

.39 



.29 

- .02 
-1.58 

- .43 



6.70 
6.60 
5.60 

6.30 



tives & 
dof Ini-- 
tlon 



L.74 
.08 
.07 

.67 



1-1.22 
.96 
.02 



- .78 



-i.aif 

- .24 
.07 



1.45 
.64 
.10 

.76 



r6.6o 

6.50 
7.00 

6.68 



3 CN=30)4 CN=26) 
two pos; 
tives & 

defini- Control 
tlon 



2.87 
.57 
-1.52 



- .01 
-1.83 
-2.60 

-1.46 



-1.81 
.38 
1.29 

- .05 



-2.13 

- .93 
.71 

- .79 



1.09 
.85 
4.27 



.26 
1.4l 

2.66 



- .31 
.63 
1.00 

.38 



. .04 

■ .21 
■1.67 



.23 - .60 



6.50 
6.30 
5.60 

6.13 



7.00 

7.13 
5.08 

6.69 



* ^ans £ ^ dependant variables are given aa combined 2-scores" 

means for the last dependent variable are givtn as raw scores. 

** Refers to the number of instances recomnended by Markle and Tiemann. 
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Main Study II, Rententlon: Means^ for Dependent Variables 
by Treatments (three combinations of instances plus concept 
definition) and Previous Reading Achievement Levels 



Dependent 
Variable 


Previous 
Reading 
Achievement 
Level 


Treatment Condiclon 


1 CN=30) 
Mr**poBitive 
MT negatives 
& definition 


2 (N=28) 
s MT posi- 
tives & 
, definition 


3 (N=30) 4 (N«26) 
two posi- 
tives & Control 
definition 


EaGDgnitlon 
of Itew 
Ii\mtanoon 


JfediuiT] (1^3o) 
Low (i)==36) 

j\erops HQadlnE 


1.68 2.39 

- .25 .01 
-E.85 , .68 

- .47 1.05 


' 3.13 
.13 

-1.96 
.43 


.62 
-1.60 

-2.69 

-1.08 


\* J 


High (IsMl^O) 
Low (l---«36) 

lavel (iPlik) 


-1.59 
- .3^* 
1.81 


i 

-1.53 

- .64 

- .45 

= .91 


-2.31 

- .07 
1.85 

- .18 


.19 
,66 

3.09 




High (iO&'+O) 
Low 

Lovel (Kfeli^^) 


- .73 

.98 

.90 


-1.80 
1.07 

- .80 

- .49 


-1.79 
.27 

M 

- .35 


-1.25 
1.42 

- .17 

- .10 


\ 

of DefLnitlon 


High (iMf^) 

Low (f>^36) 

Aorocs Reading 
Level (I'^ll^f) 


- .09 

- .00 
-1.19 

- M 


.77 
- .0'4 
.55 

.4a 


1.39 
.97 
-1.08 

.43 


.28 i 

- .70 
-1.00 

- M 


Knovlodca of j 
ships 

] 


High -(IMW) 1 
mdLxm (1^30) 
LOW (1^36) i 

\orqss Roading 
:^T8L (tPll^) 


5M 
. 6.70 
5.50 

5.87 


6.50 
5.50 

6.75 . 

6.21 


6.60 
6.60 
5.00 

6.07 


7.10 

5.63 i 
6.00 j 

... , 



ERIC 



means for tha last dependent variable are given as raw scores. 
Refers to the number of instances reconmended by Markle and Tiemann 
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Main Study III, Immediate Acquisition- Means* for Dependent 
Variables by Treatments (Markle-Tieinann set of positive and negative 
Instances alone, with dafinltion, or with definition and emphasis of 
relevant attributes) and Previous Reading Achievement Levels 



Dependent 
Variable 



Previous 
Reading 
chievCTient 
evel 



I 



1 (N=24) 



Wr**lnstan-pCT instan- 
ces alone 



2 CN=26) 



Treatment Conditi on 
3 



4 



tes & de- 
inition 



N26) 
MT instances ^ 
definition, & 
emjlmsls 



4 (N^aey 

Control 



Raaoginitlpn 

of llGVJ 


High (1^3^) 

(1^35) 
Low (1^33) 


3.85 
.66 
- .20 


.09 
.£0 
-1.26 


2.61 

.49 
-1.16 


- .56 

-2.31 
, -2.40 


Jiiutane©s 


Aoro^^^ fienrting 


1.4? 


= .34 


.71 

i 


-1.73 


Isati on 


Hiph (1*^-3'+} 
Medium (1^35) 
1 ow { 1 3=33 ) 


-3.6? 
- . 92 

. f w 


1 .23 

.9B 

J. . 


1 -1.87 

- .52 
.64 


.68 






-1 > '•''? 


1.41 


- 






LfjVi!»l (W~lOZ'f 










i 
I 

i 

Under KCtnoral'* | 
Isatioh i 


HlGh (K'^.3'4) 
l-ted.lmn (js«35) 
Low (i,v.33) 


-1.53 
.23 

1./41 


-1.66 
-1.40 
- ,48 


-1.91 
- .62 
1.30 


.23 
2.45 

2.35 


{ 


AorohB Roadittg 
Level 0^102) 


- .01 


-.1.16 


- .46 


1.65 


Knoi'0.edg© 

of Definition 


High Ck«3^) 
^3edim^ (K«--35) 
Low (3^^'33) 


1.91 

- .6? 

- .00 


.76 

- .92 i 


1.62 
.73 
- .67 


.18 
-1.63 
-1,23 


(1^^1.92) 


AeroBs Reading 
Levol (mioz) 


.15 


.12 




- .86 


Knowledge of 


>:qdiuffl (i*b35) 
Low 


6.75 

4.78 

5.29 


5.75 
7.00 

4.56 


6.78 

6.33 
4.50 


6.56 
5.25 
5.11 


ahipo 


Aornffs nattding 
Levol (i*^i02) 




5.77 


5.92 


5.65 


* Means for the 


first four dependent variables are given as comblnad Z-scoress 



Refers to the number of poaltlve and negative instances recoiranended by 
Markle and Tlemann 
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Main Study III, Retentions Means* for Dependent Variables by 
Treatments (Markle-Tiemann set of positive and negative instances 
alone, with definition, or with definition and emphasis of 
relevant attributes) and Previous Reading Achievement Levels 



Dependent 
Variable 


Previous 


Treatment Condition 


Reading 

Achievement 

Level 


1 CN=24) 
MT**instan- 
ces alone 


2 (N=26) 
-MT instan- 
cea & de- 
finition 


3 (N=26) 
MT inatances, 
definition, & 
emphaBie 


1 4 (N-26) 
Control 


Reaopnition 
of New 
Instanoos 

mm ^99) 


% r ^1 t X ^ i ^ \ 

Ijodiiun Cm35) 
Lov (mm 

/iorofs RQndinp 
Level (iJ=102) 


3.33 

- .28 

- .7? 
.78 


.74 

- .38 
-1.53 

- A3 


2.53 
1.20 

-1.37 
.87 


.28 
-1.21 
-2.53 

-1.15 




Hieh ih^jk) 
Low (iW3) 


- .9'+ 
.30 

-1.37 


.53 "1.67 
1.62 -1.51 
1.68 .89 

1.31 ; - .83 


- .28 
.81 

1.82 

.78 




Low 0^33) : 


-1.23 

1.77 
1.09 

•57 J 


-1.88 
-1.39 
.29 

- .96 


-2.10 

- .02 
1.38 

- .33 


- .18 
.77 
1.63 

.74 


of Definition 
(MSB^2.05) 


Hi(ih 

t'jBdauift {li^J'i) 
Low (1^=33) 

hev&l (hi^iOZ) ; 


1.75 
- .32 
.92 

.19 


-4 

.59 , 
.03 
- .48 

.03 


1.94 

.29 
-1.84 1 

.20 ' 


.51 

- .50 
-1.24 

- .41 

^ -. ^ 


Knoi\'lau[je of 
In torr ola tion^ 
BhipB 


High (mk) 

Low im^) 

Aarosm HBading 
Levftl ( 1*^-1 02) 


6.68 

5.6? 
5. .97 

6.0^* 


6.50 
6.00 
6.11 

6.19 


7.44 

6.33 
4.75 

6.23 


7.22 

6.38 
5.^4 

6.35 


* Means for the first four dependent vari 
means for the last dependent variable a 


ables are given as comb: 
re given as raw scores. 


Lned Z-scores; 



** Refers to the number of positive and negative instances reconimended by 
^ Markle and Tieinann, 

RJC 



APPENDIX H 

RAW SCORE MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES 
ON IMEDIATE ACQUISITION AND RETENTION BY TREATIffiNT 
CONDITION WITHIN READING ACHIEVEMENT LEVEL 
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